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AxsvjLL Rbfobt of the Geological Subvsy of India, akd of the Gbolooical 

MtrSEUKyCALCtJTTA, FOB THB TEAB 1874. 

The labours of the Geologioal Survey of India have been, during the past season, almost 
entirely under the control and direction of Mr. H. B. Medlicott, who was officiating as Super- 
intendent during my absence on leave. As stated in the report for last year, I remained for 
some time at Vienna arranging for the proper exhibition of the collections forwarded by the 
Geological Survey of India ; this delay, however, did not tend to the improvement of my 
health, and I was in consequence not able to return to duty in India at as early a date as 
I had hoped. My first duty, on resuming charge of the survey, is now to express my high 
sense of the great zeal and energy with which Mr. Medlicott devoted himself to the duties 
imposed on him, and the wide knowledge of Indian Geological work and the high intelli- 
gence which he brought to bear on the researches of the survey, for which I am greatly 
indebted to him. 

During almost the entire year, in addition to my own absence, the Geological Survey 
was also deprived of the aid of Mr. W. T. Blanf ord. He was, during this period, busily en- 
gaged in working out and passing to press the results of his examination of parts of Persia, 
while accompanying the Seistan Boundary Commission as Naturalist and Geologist. These 
researches, regarding a country but little known, and at the same time so intimately con- 
nected with 'Western India and Sind, wiU, I have no doubt, prove of very high value and 
interest to Indian Geologists. Their publication may now be looked for soon. Mr. Blanford 
resumed his duties on the Geological Survey about the middle of December, and then visited 
Surat district with a view to advise the authorities on the probabilities of obtaining fresh and 
good water in many places where now the supply is bad, salt, and brackish. Mr. Blanford 
has since then proceeded to take up the general examination of the Province of Sind. 

Another of our staff who was absent at the commencement of last year, and whose 
return we looked for with great interest, has fallen a sacrifice to his over-exertion in the 
cause of sdence. Dr. F. Stoliozka, who had been, as reported last year, attached to the 
Tarkand mission under Sir T. Douglas Forsyth, had, though with much suffering, safely 
accomplished the journey to Eashgar, and had also on his return had a rapid and hurried 
ride across the Pamir Steppe, which he had often longed to see, and was returning to his 
work in India ladeh with rich and valuable zoological collections and with abundant notes 
to work out his results, when he again felt the extreme temperature of the Karakorum pass. 
For a couple of days from 16th June he worked on quietiy, and though with suffering, con- 
tinued the usual marches of the party with whom he was travelling. On the aftem oon of 
the 18th| when more than half the day's march had been completed safelyi he noticed some- 



£ Becords of the Oeological Survey of India, [vol. viii. 

thing high np on the hill side, which arrested his attention, and dismounting from his horse, 
which, of coarse, could not climb up the rugged cliffs of these hare and snow-dad hill sides, 
he himself with great exertion struggled up, examined what he wished to see, and made his 
notes, and struggled down again to his companions. They noticed the great difficulty he 
found in again mounting, and came on to the camp slowly and carefully ; the march next day 
was countermanded, in the hope that a little rest might enable our friend to recover himself, 
but falling into a semi-unconscious state, he only lingered on until the noon of the follow- 
ing day (19th June). His body was conveyed to Leh, where, with all possible honours, his 
remains were interred in the presence of his fellow travellers, the officers of the mission. 

Thus passed away at the early age of 36 one of the most devoted and able votaries of 
Natural Science whom India has ever seen. 

Gifted by nature with peculiar powers of observation and comparison, trained in an accu- 
rate and careful school of Geology and Palaeontology, he brought to his labours unbounded 
zeal, acute intelligence, and large and carefully acquired knowledge, all of which tended to 
render him one of the most useful and most trusted of our colleagues. But in addition to this, 
his genial temperament, his sound judgment, and his hearty appreciation of work of any 
kind in others, together with his clear views of justice, and the unflinching expression of 
those views, made him also one of our most esteemed and beloved friends and advisers. His 
loss to the Geological Survey will be long and keenly felt. He has left behind him a 
noble monument of his research and powers in the Palseontologia Indica, published by the 
Geological Survey of India, in which, just before his departure for Yarkand, he had com- 
pleted the description of the Cretaceous Fauna of Southern India in four large volumes 4to., 
witb 203 plates. And fortunately for the Survey, he has also left behind him a veiy fitting 
and competent successor in Dr. Waagen, long his trusted fellow labourer and assistant. 
Dr. Waagen's publications have already secured for him the high approval of all competent 
to judge of such careful and accurate research. 

Dr. Waagen himself was also absent on medical certificate during the year, and has 
only recently returned to take up the PalaM)ntologioal labours on which he was so actively 
and earnestly engaged, when his health gave way. He has, I am happy to say, returned in 
good health. 

Mr. Medlicott's time was so fully occupied by the current work of the survey, and by 
the pressing necessity for constant revision of the reports and researches of others, and un- 
ceasing communication and advice on all points referred to this office, that he found time for 
only two brief visits to the field. At the urgent request of t^e Government of Bengal, be 
undertook to visit the localities where coal was reported to occur within the Garo Hills. 
Until very recently, it was not possible to proceed into these hills with safety. And whoi 
formerly Mr. Medlioott visited the southern fringe of the hills (Memoirs, Geological Smrey, 
India, YII, 151), and described the local exhibition of some poor coal-seams along thidr 
outskirts, no repetition of these rocks was known to occur within the range. But on nov 
getting access to them, several detached basins of newer secondary rocks have been found i& 
the heart of the hills, north of the main ridge. In one of these a strong seam of &ir «oiI 
is pretty generally distributed. An account of this discovery was given in the May part^^ 
the Records of the Survey, 1874, p. 58, and it is therefore unnecessary to refer to it mae 
in detail here. A short run into the northern portion of the Bajmehal Hills resulted diiefr 
in the discovery that no alluvial deposits occurred on the top of Puttuighatta Hill north d 
Colgong, where they had been reported to occur, at a level which made it difficult to acooa 
for their existence, excepting on the supposition that the ' old alluvium' of Bengal had 
marine origin. 
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Mr. Theobald oontimdng his researches in the upper ieriiaries, flanking the north- 
westem HimalA}rA» has made a rapid examination of the area lying between the Qanges and 
the BavL Some of his results, if confirmed by more carefiil investigation, are of high 
interest. He considers, apparently on good grounds, that the great mass of the SivaUk 
range on this side (east) of the Jumna river is really composed of rocks belonging not to the 
Sivalik group, but to the older and distinct Nahan group, a view in which Mr. Medlicott, who 
formerly examined this area, is disposed to concur. Trans-Sutlej, Mr. Theobald thinks he 
has established a northern limit for the Sivalik rocks along the Una dun. These aro most 
interesting results, but as some of tbe most important palseontological deductions depend on 
these separations of the rocks in which the fossils occur, they must only be taken for the 
present as provisional. 

Further research has led him to modify the conclusions arrived at in the previous 
season regarding the pre-Sivalik age of glacial deposits, for he finds typical glacial debris 
scattered irregularly over the rocks in the typical Si?alik area. 

The collection of the very valuable fossils of these areas increases rapidly under 
Mr. Theobald's hands, and a large number have been received, the majority of which cannot 
be opened out for want of space in the Museum here. 

Mr. A. B. Wynne commenced tbe examination of the Trans-Indus salt region early in 
the season. At the special request of Mr. Wynne, Dr. Warth, in charge of the Find Dadun 
Khan Salt Mines, was deputed to accompany him, so as to form a sound practical estimate of 
the commercial value of these extensive salt deposits. Dr. Warth was unable to proceed 
with Mr. Wynne in the early pact of the season, but subsequently joined him on the ground. 
This work was very well accomplished, and a brief summary of the geological results was 
at once submitted with the practical report of Dr. Warth. And this was published under 
the 'Bevenue Department Beforo the close of the year Mr. Wynne had completed a 
detailed descriptive report with full illustrations. And this is now in the press, and I trust 
will be ready for publication without any serious delay. Besides determining the enormous . 
extent of the rock-salt, the most interesting result is the confirmation, in all probability 
conclusively, of the supposed old tertiary age of the rock-salt. This idea which had been 
arrived at during a cursory and prdiminary examination in previous years was borne out 
by the careful and detailed investigation of the past season. No rock older than the salt 
h^s yet been noticed, and this salt seems to be intercalated with the lower beds or almost 
the base of the nummuUtic rocks. 

During the recess Mr. Wynne was also engaged in revising, and to a considerable extent 
rowriting, the report on the Salt-range. At the opening of the present season h^ took the 
field with the object of working up the country lying between the Salt-range and the 
Kashmir boundary to the north, and is now engaged in tbis area. He has sent in a good 
collection of fossils firom the newer tertiary beds of that region, and also some firom the small 
ridge of the Kh&rian or Pabbi hills on the east of the Jhelum river. 

Mr. King, though unavoidably late in taking the field, in consequence of being detained 
at Vienna, has made, during the season, good progress in following up the interesting ques- 
tions to which referonce was made in the report of last year. He establishes three zones in 
the Rajmehal series: the uppermost characterized by a marine fauna recognized by 
Dr. F. Stoliczka as corresponding to his ' Oomia' beds in Kachh ; a middle zone also con- 
taining marine fossils of somewhat different form from the preceding, and a lower zone with 
well marked Bsgmehal plants. This last is found to be closely superimposed, but with 
general unconformity, upon beds containing plant remains belonging to the Kampti-Damuda 
flora> thus leaving little or no room for the zones which elsewhero aro thought to intervene 
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between these two formationB. Mr. King's work includes a large portion of sheet 94 of the 
Indian Atlas, but unfortnnatelj the northern portion of this sheet is still nnsurreyed 
topographically, or rather the topography is not yet published. 

The exploration of the Beddadanole coal-field was continued under Mr. King's direction 
with the assistance of Mr. Yanstayem. Some bands of poor coal and coaly shale were 
proved in the lower parts of the measures. The upper portion has not yet been proved ; yet 
it is there, according to the analogy of the Wardha fields, that the main coal is likely to 
occur, if at all. This portion will be tested on Mr. King's return from his present duty, and 
on Mr. Yanstarem returning from the Juggiapettah borings. These have been put down 
alongside those formerly made by Colonel Applegath, and where he believed he had found 
coal, but Mr. Yanstavem has not been able to trace any proof whatever of the existence of 
coal or of any similar substance, although his borings have been carried below the depth to 
which the previous one had proceeded. All these borings have since been carried down to 
the metamorphic or sub-crystalline rooks noithout a trace of coal. 

Mr. King has been diverted from the systematic continuation of his work for the 
present season to examine the gold-bearing reefs of the Wyn&d, and is at present actively 
engaged on this work. 

Mr. Foote accomplished a heavy season's work in the Southern Mahratta country, com- 
pleting the examination of the quartzite series of that region. Considerable progress has 
been made in preparing for publication a detailed description of this area. Mr. Foote 
also examined so much of the ac^oining country as enabled him to complete the northern 
half of sheet 41 of the Indian Atlas, and the north-west quarter of sheet 68. In the 
preparation of these maps also considerable progress has been made. 

At the dose of the season, Mr. Foote made an examination of the small gold-bearing 
tract in the Dambal hills of Dharwar. Of this a report with small map has already appeared. 
(Records, Geological Survey, November 1874). The smallness of the area and the sparing 
distribution of tl)e metal seem to ofier but little inducement for any large outlay of capital 
in gold mining or washing. 

At the close of the recess Mr. Foote took up the country north of Madras town in order 
to complete the area lying between the hill ranges and the sea (in sheets 76, 77, and 95), 
also to close in a lart^e portion of that country. This had been left while ui-ging on the 
examination of the Kadapah and Kamul districts, as being of less pressing importance 
at this moment. 

Mr. Hughes has again been largely called upon for investigations which are not purely 
geological, and which very seriously interfered with the systematic progress of the survey. 
These have been chiefly in connection with the prospects of establishing the manufacture of 
iron in various places. At the close of last year he had just completed a ro-examination of the 
available ores and associated rocks of Kumaon ; this examination only confirmed the views 
expressed years since by the Geological Survey as to the abundance, of ore and flux, and as 
to the probability of their being also a good supply of fuel for operations upon a limited 
scale. He is disposed to take a rather less favourable view of the richness of the ores, but 
this was always the view of the Geological Survey ; the great tractability of the ores to a 
gfood extent compensating for a certain poorness in quality. 

Mr. Hughes was then detained to revise the examination of parts of the Baniganj field, 
with a special view to the advantages offered by it as a locality for the smelting of iron, 
and establishment of iron works on a large scale. On these points full reports have been 
published during the past year in the Records of the (Geological Survey. 
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These inyeetigations detained Mr. Hughes, so that he did not get to his regular work 
nnidl late in January. With Mr. Fedden's aid he then remapped the northern portion of 
the Wurrora coal-field, taking advantage of any recent exposure of the rocks in order to 
revise his geological lines. In a country so largely and thickly covered with alluvial 
deposits, it becomes necessary to pick out every single point so as to obtain any clue even 
of a trivial kind which may lead to the identification of the various rocks so badly seen. 
And this Mr. Hughes appears to have done with much care. It is gratifying to find that 
the practical conclusion based solely on such geological investigations, as to the existence 
of coal in the neighbourhood of Bander, has been fully confirmed by actual borings com- 
menced entirely on Mr. Hughes' recommendation. These borings have proved the existence 
of coal many feet in thickness, the occurrence of which would never have been suspected 
from any surface exposure of the beds. This fact becomes of higher importance, because 
the locality of this coal is greatly nearer the very valuable iron ores of the country than 
any previously known beds of coal in the Wardha valley fields. 

Passing into the Berars and the Nizam's territories, Mr. Hughes continued these 
investigations, and was able to give important advice and aid to the Nizam's officers. 

It is a source of much regret that in consequence of the frequently recurring and con- 
tinued interruptions to Mr. Hughes' progress in that district, the mapping of this Wardha 
coal-field is not yet completed. There is still a considerable area calling for careful examina- 
tion, and in which it is not improbable that valuable results may yet reward our search. 
It would only cause greater delay to put any one else to complete this work now. And we 
can therefore only hope that it may yet be practicable without any much prolonged delay to 
complete the examination. The very existence of true coal in these districts and the sound 
knowledge already obtained of its extent and amount is altogether the result of the labours 
of the survey, and we should be glad to complete the investigation of the rocks as soon 
as practicable. 

Towards the end of the year Mr. Hughes' aid was again sought for by two separate 
companies, who have undertaken to remove the all-important trial of actually smelting 
iron in this country from the field of speculation and writing to that of actual experiment 
on a commercial scale, in order to point out to them the most favourable localities for the 
procuring of ores, coal, &c., &c. He had scarcely concluded this work when the year closed. 
He will thus again have only a brief season to devote to his systematic work. He will, I am 
sure, do all that can be done in the time, but it will be entirely impracticable to complete the 
field in one short season. 

Mr. Fedden, who, as stated in last year's report, had been absent on sick leave, did not 
return to work until late in January, 1874. He then joined Mr. Hughes in the Wardha 
valley field, and worked with him for the remainder of the season, putting in the detailed 
geological lines in parts of the Chanda district and in the adjoining territories of the 
Nizam. At one place north of Wurrora, Mr. Fedden was fortunate enough to discover a few 
specimens of fossil fishes in the uppermost beds of the sedimentary rocks, at about the same 
horizon as that on which the Beverend Mr. Hislop years since found similar remains. These 
will doubtless prove a valuable addition to the limited evidence we already possessed on 
which to base a conclusion as to the age of these beds. Mr. Hislop classed these rocks as 
belonging to the infratrappean beds of that neighboiuhood in which he states that he 
found shells of the same kind as from the intertrappean layers, mixed with bones of large 
animals. On this evidence he referred the rocks to the same i^ relatively as the Lameta 
beds of the Narbada valley. 

During the current season Mr. Fedden is attached to Mr. W. T. Blanford in Sind. 
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Mr. v. Ball only reinnied firom tfi« gvM^t exMbitioii at Vienna, where be liad been, 
jointly with Mr. W. King, in charge of the valuable ooUeetionB of the Geological Sonrey, 
late in the year. After some few unavoidable delays which prevented his getting to the 
field till towards the end of December, he was again frequently interrupted in his work in 
connection with the borings in the Dudhi vall^. His survey labours were confined to the 
country included in sheets 17 and 18 of the Satpura Survey. He had made some progress 
in this area, when at the beginning of March, he was suddenly summoned to Calcutta, with 
a view to his accompanying some others on a visit to the Mergui Archipelago, This trip 
was subsequently abandoned, nor indeed under any 'circumstances could geological results 
of interest be looked for from such a visit to a country already examined. It was uselees 
his returning to the field again after this trip was given up. Mr. Ball had thus only a 
very brief season of work, scarcely more than two months out of the whole season. It 
would scarcely be fair to look for any large outturn of work in this short time. The ground 
on which he was engaged was difficult, and the intricate relations of the various grocqpa 
of rocks must all be more thoroughly elucidated and worked out before any descriptive account 
of them can be published. 

Mr. Ball subsequently visited the wild district of the Luni Pnthans, west of Upper Sind, 
where some traces of lignite had been seen. A full account of this visit has already appeared 
(Records, Geol. Surv., Ind., 1874, p. 146), so that it will be unnecessary to refer to it here in 
detail. 

The experimental borings for coal in the region of the Narbada have not yet lad to 
any discovery. Early in the year two borings were commenced, at Khapa and «t Manegaon, 
in the valley of the Dudhi. These were in the Mahadeva rocks, and were put down in the 
hope of striking the coal-measures beneath. At the beginning of the monsoon these borings 
had reached 260 and 241 feet respectively firom the surface, and were still in the covering 
rock formation, when the work was necessarily closed for the season. The labour was then 
transferred to the boring at Sukakheri in the main valley, where a depth of 344 feet had 
already been reached. There, it may be noticed, the endeavour is lo reach the rock under- 
lying the valley deposits, there being some grounds for supposing that the coal-measures of 
the Sitariva extend to the north. This boring has been carried down to the depth of 491 
feet still in the stiff kunkur clay. The 3-inch piping having stuck fast at 425 feet, the 
additional depth was attained with great dif&culty, until finally it was found impossible to 
do more than draw the sludge filling in from the sides ; and the work had to be stopped. 
This boring had been commenced with such material as was available at the time, and with 
the full expectation that rock would be reached at a less depth. It had also the further dis- 
advantage of frequent interruptions from want of piping ; much credit is, therefore^ due to 
the skill and energy of Mr. Stewart, that he was able under tiie circumstances to push the 
work so fiu*. 

No direct knowledge has, however, been gained upon the question to be solved excepting 
collaterally, that it would certainly be very costly to sink for coal through such a depth of 
superficial deposits. It may possibly be that these deposits are exceptionally thick at 
Sukakheri, and that rocks may be nearer the surface elsewhere, and the question would 
seem of sufficient importance practically, and of sufficient general interest to warrant a 
renewal of the trial in another spot The lowest few feet of clay in the boring at Suka- 
kheri were much charged with bkck ferruginous granules, single and agglomerated, suggest- 
ing perhaps the proximity of a lateritie bed which is by no means uncommon at the base of 
the old alluvial deposits, and this again most frequently occurs where the trap rocks occur 
underneath. Both these conditions are seen to obtain at several points along the margin of 
the valley. 
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Since the stoppaE^e at Sokftkheri neu* the clo0e of tke year, work hae been resumed at 
Khapa and Manegaon, and progress has been akeadj made beyond ihe deptili attained before 
stopping for the mobsoon. In December also two new borings were commenced in tiie 
Tawa yalley, at Kesla and the Snk Tawa : the latter is certainly in the D4mada ro^ ; the 
former is in lower Mahadeva beds. The hope is to strike the Baraknr coal-measores, and 
thus, if coal be found, to save twenty miles of rough carting from the Shapur or B^tol coal-field 
to the south. As has already been fully etplained, it is impossible to speak of success as any- 
thing more than a chance, inasmuch aa no outcrop of these measures is seen north of the 
Shapur field. 

Mr. Wills on steadily continued his mapping of the northern portion of the Bundel- 
Inind Survey and finished several sheets of the 1-inoh plans. One of the principal points 
of interest connected with this area is the great prevalence of quartz reefs or veins, having 
a very constant and definite direction and occurring in large number and of great size. 
There are also two systems of trap dykes in considerable number, and Mr. Williton finds 
evidence, \7hich seems almost conclusive, that both these systems of trap-dykes are younger 
than the great quartz reefs, a conclusion of the highest interest as bearing on the geolo- 
gical history of the district. Mr. Willson has again resumed this work for the coming 
season. Mr. Willson's mapping is always distinguished by care, neatness, and accuracy. 

Mr. Hacket resumed his labour in Bijputana, mi^ping in a large area of the country 
lying between Bhurtpur and Jaipur, and to the south, included in the sheets 27, 36, 37, 38, 
39, and 41 of the Rajputana Survey, and in parts of 10a, 105, and 12 of the Gwalior Survey, 
(scale 1 mile = l inch). All the rocks met with belong generally to the samec lass as those 
previously described by Mr. Hacket in the Bi&na hills, being chiefly quartzites, with very 
irregularly intercalated zones of schists, limestone, and trappean rocks resting upon or against 
gndsaic masses. Mr. Hacket is disposed to adopt the name attached to the general range of 
these hills as a general inclusive name for the whole series of rooks, and to call them the 
Aiavali series. 

This work will be continned on Mr. Hacket's return from furlough, on which he is now 
absent It has been for some time anxiously looked for, as tending to fill in one of the great 
lacuna on the map of India, with a view to a general geological sketch of the country, and 
one of such importance that nothing very satis&ctory can be done towards such a map until 
this portion of the country has been examined. 

•Mr. Mallet aocomplished'the examination of Sikkim (British) and of the Western Dhuars. 
The interest attaching to this field, from the probability of the coal forming an useful 
aouroe of fbel, led to the publication of Mr. Mallet's report as quickly as possible. It has 
been issued with two geological coloured maps. Excepting in the Darjiling district bis 
examination had to be limited to a mere firinge of the mountains ; in phices, indeed, even this 
much is beyond reach of the British boundary. There would appear to be some prospect of 
the D&muda coal of that region being made aerviceable by the adoption of suitable con- 
trivances fi>r the utilization of such dust or powdery coal. 

Mr. Mallet's observations have led him to the conclusion that the D6muda formation is, in 
this country, the lowest member of the rock series of the outer Himalaya ranges, the Daijiling 
gneiss being the topmost and youngest member of the same series. This, if confirmed, is a 
result of very great interest and importance, and would tend to establish a well marked 
common horizon between the rocks of the Himalaya and those of the Peninsula of India. 
Mr. Mallet's researches, excepting in the point to which his attention was specially directed, 
were necessarily rapid and cursory, and the maps can only be viewed as preliminary sketches. 
Until the country on either side is worked up to this portion, no really trustworthy or reliable 
seeticn can be obtained from such isolated areas. 
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Daring the past year there have been four apprentioes attached to the Geological Surrey 
and paid out of the funds granted for that survey. Of these four, one has now been attached 
to the survey for nearly two years. Daring the present season he has been sent to the field 
with one of the assistants (Mr. Ball), who reports that up to date he has been attentive and 
willing to learn, but that his progress is very small and veiy unpromising. Further 
experience will be necessary before anything definite can be said as to the future prospect of 
this student. The other three, although nominated at the beginning of the year and receiving 
pay as apprentices, have been doing nothing in connection with the Geological Museum or 
Survey, having been, imder the sanction of Government, attending courses of lectures and 
instructions at the Presidency College. Undoubtedly these lessons will enable them to 
appreciate better than they could otherwise have done the more technical knowledge which 
they are expected to acquire here. But the necessity for their devoting considerable time to 
this acquisition of what must be considered purely preliminary and collateral knowledge pre- 
paratory to any study of geology or its bearings, will also undoubtedly prolong the time 
during which they must be merely learning. It may, I think, well be doubted how far the 
system of paying young men for learning what they ought to be able to prove their acquaint- 
ance with, before their appointment, can be very successfuL Certainly the system of giving 
appointments in order to induce the holders of those appointments to make themselves ac- 
quainted with their duties has, in every other scientific pursuit, proved a failure. These student 
apprentices will be subjected to examination at the end of the season, when their general 
progress can be tested. 

As customary, a small map of India is annexed, showing the present rate and general 
progress of the survey. 

Since the commencement of this survey it has ever been my anxious desire and aim to 
complete a general sketch map of the Geology of India. The conviction has grown stronger 
each successive year, that until this can be done, nothing really useful can be attempted in 
the direction of very detailed geology, and that our progress must necessarily be slow and 
irregular, until we shall have been able to fix even roughly the boundaries between the known 
and the unknown. I still hope that I shall be able to complete such a map. But I deeply 
regret to say that during the last few years, very little advance has been made towards the 
accomplishment of this end. There have been for some years so many and such urgent 
claims on the time of the officers of the survey for work of various kinds, often not 
geological, and the staff of the survey has been so reduced by illness and absence, as well as 
by actual diminution of numbers, that very little progress has been possible in that which 
has always been recommended to be, and which has indeed been more than once ordered to 
be considered the first and main object of the survey, namely, the systematic and continuous 
survey of the country. I am fully aware of the value of the results often obtained from 
enquiries in isolated areas, and at detached and separate points. Striking instances of this 
might be given from last year's work. Tet I am also compelled to think that these isolated 
enquiries are rarely of such immediate and urgent importance as to counterbalance the great 
and heavy disadvantage resulting from this very fSaust of their isolation. Each becomes a 
separate individual case, which it is impossible to colligate into a whole simply because we 
have no knowledge of the connecting links in the chain. Indeed many cases might be 
given where it seems more than doubtful whether anything is reaUy gained even in time 
from such necessarily imperfect and unfinished results. A few years of devotion of the 
greater portion of the staff of the survey to this one object would enable such a general 
preliminary map to be published, subject of course to additions or corrections as the more 
detailed work progressed in future years. 

A glance at the little map which accompanies this report will at once show what large 
areas there are regarding which the Geological Survey of India as yet knows nothing of 
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its own research. But the difficulty in compiling a general map does not depend bo 
mnch on the size or frequency of these gaps or lacuna, for, of course, they could he left out* 
to he filled in afterwards, hut on the fact, that without some knowledge of these inter- 
vening spaces, it is impracticahle to correlate the rocks in one part of the country with 
those elsewhere. £ach district or area examined in itself is necessarily described hy itself, 
the rocks which occur in it are reduced to a system, their succession traced out, and their 
relations one to the other determined so far as possible. Local distinctive names are given 
to such separate groups, and all is rendered as complete as may be possible for that area. 
The survey operations are meanwhile directed to some other locality, and the same process 
of examination is gone through, but the results are not exactly the same ; new sub-divisions 
of the rocks become necessary, new names are given to distinct groups, for local convenience 
of description. This result is equaUy correct and equally satisfactory for its own area. But 
for any general map, it becomes essential that all these differences should be eliminated, how- 
ever roughly, and all reduced to one general system or scale, and this is predsely what 
it is impracticable to do without some knowledge, however imperfect, of the country generally' 
which knowledge there is no means of obtaining while the officers of the survey are engaged 
in isolated localities and on special researches. 

Seeing then the very distant prospect which was before the survey of being able to work 
out any general map from their own researches, I have for some years devoted much atten- 
tion to preparing separate descriptions and in some cases separate maps of certain divisions 
of the country, so far as these were possible. Passing over papers descriptive of the general 
geology of districts, or collectorates, (such as Surat, Gwalior, neighbourhood of Madras, 
Godavari, &c.,) a general skefch of the Geology of the Central Provinces was given so 
long since as 1871, of Orissa in 1872, of the Bombay Presidency in 1872, of the North- 
western Provinces in 1873, of part of Punjab in 1873, and a general sketch of the Punjab 
is now just ready for press, while a general sketch of Bengal will be taken up also. These are 
all in addition to the regular and more detailed descriptions of separate areas, coal-fields, &c.> 
&o. The most cursory reference to these sketches will show the impossibility of combining 
all into one system, without more knowledge of the intervening areas, as yet unexamined, 
or, as the other alternative, reducing the map to such large generalities as would get rid of 
these minor difficulties, but would at the same time make such a map of extremely littie value. 

It is our earnest hope, however, that the survey will be permitted to complete such a 
general sketch map as may prove useful and within a limited time. 

Publications. — Of the Mbmoibs of the Geological Sitbvst of India, Vol. X, part 2, 
announced as nearly ready at the close of last season, was issued early in the year. This 
contained a descriptive account of the Geology of Pegu by Mr. Theobald, with map, &o. 
And at the close of the year, part 1 of Vol. XI, containing a report by Mr. Mallet on the 
Geology of Darjiling and the Western Dhuars, with two geological maps, &c., appeared. 

Of the Bbcobds of the Survey, the usual quarterly publication was steadily maintained, 
and the volume for 1874 contains no less than twenty-three separate papers on varied points 
in the Geology of India. Four of these are valuable summaries of the geological results 
obtained during the visit to Yarkand with the mission recently returned from that country 
by our lamented coUeague, Dr. P. Stoliczka. These with the note on the Altum-Artnsh, 
which will be found below, complete all that he had brought into shape for publication. Of 
practical papers, there are notes on the iron ores of Eumaon : on the raw materials for iron 
smelting : on Petroleum in Assam : on the subsidiary materials used in production of artifi- 
cial fuel : on the building and ornamental stones of India : on Potash aaiis : on Manganese 
ore, &c., &c., while descriptive notices are given of parts of Northern Hazaribagh ; neighbour- 
hood of Murree; of Kangra; of the Garo hills; of the Luni Futhan country west of Sind, 
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and of the Sonihem Godavari conntry. These with annual report, and an interesting paper 
hy Mr. Theobald, on pome speculations as to the antiquity of the Human race in India based 
on Hindu legends, form the volume for the year. 

Of the PAiKSONTOLoaiA Indica, only one part was actually issued during the year 1874. 
As already stated in previous reports, the concluding parts of the Cretaceous Fauna of Southern 
India had been pressed forward in anticipation of their regular time of issue in order to com- 
plete this valuable series before the writer, Dr. Stoliczka, went away. This series was issued in 
full for the year 1873. And in addition, the commencing part of the Cephalopoda of Kachh 
by Dr. W. Waagen was published in anticipation of the regular time of issue, namely, for 
the first quarter of 1874. The absence with Uie mission to Tarkand of Dr. Stoliczka, and 
from ill health of Dr. W. Waagen, has prevented further publication during the year. Pro- 
gress was, however, made in the preparation of plates and drawings, and since the return of 
Dr. Waagen, the continuation of his detailed descriptions of the Eachh Cephalopoda has 
gone to press. The part issued contained full description and figures of a very interesting form 
of Bhinooeros {R, Deecanensis) found by Mr. R. B. Foote in fluviatile deposits in Belgaum. 

LiBBABT. — One thousand and eighty-four volumes or parts of volumes have been 
added to our Library during the past twelve months. Of this total more than one-hali^ or 
five hundred and fifty-seven, have been presented by different Societies and other institutions 
in exchange for the publications of the Geological Survey of India, or as donations, while 
five hundred and twenty-seven have been purchased. The usual quarterly lists of these have 
been regularly continued in the Bbcobds of the Survey, and as customary, a summary of the 
various institutions from which donations or exchanges have been received during the twelve 
months is appended. We continue to render access to this very valuable library as general and 
as easy, as is consistent with the preservation of the books. And in very many cases, we 
find that from the special character of our collections, books have been available here, which 
could not be referred to elsewhere, either in Calcutta or indeed in India. In geological 
matters, quick and ready reference to the published results of other enquirers is perhaps 
more essentially necessary than in most other scientific enquiries, and we continue to look most 
anxiously for the transfer of our collections to premises where they can be rendered more 
easily accessible, and more generally useful, than it is possible to efiect in our present 
greatly overcrowded apartments. 

MusxuM. — During the year all the collection forwarded to the International Exhibition 
at Vienna, which was intended to be returned to this country, was safely received back, and 
was again embodied with the general series. General notices of donations have been given 
in the Records for the year, while we continue to receive from the officers of the Survey itself 
valuable additions constantly. Of the so-called Sivalik fossils, a large and valuable series 
has been procured by Mr. Theobald in his recent examination of the country. The examina- 
tion in detail of these is, I regret to say, almost completely impracticable from want of any 
space or room in which to open them out, though individual specimens have been taken up. 
But very important results bearing on the sub-division and age of the different horizons of 
these rocks and of the imbedded fossils will undoubtedly arise, as soon as they can be care- 
fully compared and described. From Mr. A. B. Wynne also a good series of similar fossils have 
been obtained, procured firom parts of the Rawal Pindi and Jhilam districts in which he has 
been working, and from the small range oiP hills on this side the Jhilam, called the Pabbi 
hills. Some fish remains and other things were procured by Mr. Fedden, and a good series 
of specimens from the upper, secondary, and tertiary rocks of the Lower Godavsiri basin by 
Mr. King. To Mr. Hughes also the Museum is indebted for a very interesting series of 
fossils from the country adjoining the Milam pass, to the north of Eumaon, which prove 
the continuity of the formations first described as occurring near the Niti pass by Colonel 
R. Strachey: thus extending our knowledge of these formations considerably north-east. 
The fossihi represent at least five different formations. Cretaceous, Jurassic, Triassic, 
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Permian, and Carboniferous and Silurian. A detailed list will be given in a future number 
of the Records. 

Mbtbobitbs. — Our series has been enriched by pieces of the fall which took place on 
the 23rd September 1873. These are of much interest from the fact of their haying been 
procured at different places, though the structure and composition of the stones show that 
thej are identical in their nature. One piece was found near the village of Mjlsi, fifty miles 
to south-east of Mdltan, and two others at Ehairpur, thirty-five miles east of Bhawulpur. 
The distance between the two pLioes being probably more than ten miles. 

The collections have been kept in good order and safety during the year. 

T. OLDHAM, 
Supdt. qf QeoL Survey ^ India^ 

Calcutta, ) and Director qf QeoL Museum, Calcuitai 

January, 1875. J 



Liet of Soeieiiee and other Institutions fl^om which publieatums have been received in 
donation or exchange for the Library qf the Chological Survey of India during 
the year 1874^ 

Batayia. — Boyal Society of Batavia. 
Bb KLIN. '—German Geological Society. 
Ditto. — Royal Academy of Sciences. 
Bonn. — Naturhistorischen Yereins. 
Boston. — Society of Natural BUstory. 
Bbbslau. — Silesian Society. 
Bristol. — The Naturalists' Society. 
B&ussBLLs. — Royal Academy of Science. 
Calcutta. — ^Agricultural and Horticultural Society. 
Ditto. — ^Asiatic Society of Bengal. 
Cambbidge, Mass. — ^American Academy of Arts and Sciences. 
Ditto. — Museum of Comparative Zoology. 
Cahbbidob. — ^Woodwardian Museum. 
Copenhagen.— Royal Academy. 

Dijon.— Imperial Academy of Dijon. 
Db?;8dsn. — The Isis Society. 
Epinbuboh. — Geological Society of Edinburgh. 
Ditto. — Royal Scottish Society of Arts. 
Ditto. — ^Royal Society. 
Glasgow. — Geological Society of Glasgow. 
Ditto. — Philosophical Society. 
GoTTiNGBN. — The Gottingen Society. 
Lausannb. — ^The Society of Natural Sciences. 
LrvBBPOOL. — Literary and Philosophical Society of Liverpool. 
London. — British Museum. 
Ditto. — East India Association. 
Ditto. — Geological Society of London. 
Ditto. — India Office. 
Ditto. — Royal Institution of Great Britain. 
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London. — Royal Society. 
Ditto.— Royal Geographical Society. 
MiNCHBSTBB. — The Manchester Geological Society. 
Mblbournb. — Royal Soeiety of Yiotoria. 

Moscow.— Imperial Society of Naturalists. I 

MtfNiCH.-^Boyal Bayarian Academy of Science. 
Nbuchatbl. — Society of Natural Sciences. 
Nbw Havbn. — Connecticut Academy. 
Nbw Zbaland. — Geological Survey of New. Zealand. 
Pabis.— Geological Society. 
Ditto. — ^L' Administration des Mines. 
Ditto. — ^National Institute of France. 
DiTTO.*^The Academy of Sciences. 
Pbst. — Royal Geological Institute of Hungary. 
Philadblphia.— Academy of Natural Sciences. 
Ditto. — American Philosophical Society. 
Ditto. — Franklin Institute. 
RoHB. — G^logioal Commission of Italy. 
Salbm, Mass.— Essex Institute. 

Ditto. — Peahody Academy. 
Stockholh. — Bureau de la Recher. €^1. Suede. 
St. Pbtbbsbubo.— Imperial Academy of Sciences. 
Tasmania.— Royal Society. 

ToKBi. — Geological Survey of Tesso. 
Tobonto. — Canadian Institute. 

TuBiN. — Royal Academy of Sciences. 
Yictobia. — Government Geological Survey of Victoria. 

Ditto. — Ditto ditto ditto. Mining Department 

YiBNNA. — The Vienna Academy. 
Ditto. — E. E. Geologischen Reichsanstalt. 
Washington. — ^Department of Agricultuie, U. S. A. 
Ditto. — Smithsonian Institute. 
Ditto. — United States Geological Survey. 
Wbllinoton.— New Zealand Institute. 
Yokohama. — (German Natural History Society. 
ZUBICH. — ^Natural History Society. 

Governments of Bengal, Bombay, India, Madras, North- Western Provinces, and Punjab ; 
Chief Commissioners of British Burma, Central Provinces, Mysore, and Coorg ; the Resident, 
Haiderabad, the Surveyor General of India, the Superintendent of the Great Trigonometrical 
Survey of India, and the Superintendent of the Thomason College of Civil Engineering, 
Roorktie. 

Jcmuary, 1876. 
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ThB AlTUM-AbTUSH COHSIDBBID FBOH a OBOLOOICAL POINT OF VIEW, 

by F. Stoliczka, Ph.D. 

(Vent, sed non vidi,) 

As soon as the most important political business had been oonclnded by the signing of 
the commeicial treaty by the Amir, His Excellency Mr. Forsyth expressed a wish to visit 
the renowned tomb of Sultan Satuk at Altum-Artush. The king accorded his permission, 
and instructed the Hakim Mahomed Khoja to assist us in travelling over the province under 
has care to whatever extent Mr. Forsyth might desire. 

Under the personal guidance of the Envoy, we— Dr. Bellew, Captain Chapman, Captain 
Trotter, and myself— left Tangishar on the 14th of February, reaching Altum-Artush at a 
late hour the same day. As an introduction to the difficulties in travelling, our baggage did 
not arrive till next day, and we had to accommodate ourselves for the night on the carpets 
of the floor in a spacious but tderably warm room. A halt of two days was desirable to 
enable us to make aU necessary arrangements for our further movements. However, before 
I proceed, I shall endeavour to give the reader an idea of the geographical position and limits 
of the country of which I shall speak in the subsequent lines. 

The data are derived from a general survey by Captain Trotter and from information 
given by the Hakim Mahomed Khoja. 

Altum-Artush, which is the chief place of the province, lies approximately in east 
long. 76^ 8* and north lat. 39° 41', therefore about twenty-three miles north by east of Tangishar. 
It is situated in the western part of the Tilak on the Bogos, here called Artush river, and north 
of a low ridge which separates the Artush valley from the plains. The southern boundary 
runs alomc this ridge for about ten miles west of Altum-Artush, and from there almost 
due north to the crest of the Eoktan range ; then along this range eastwards of the Belanti 
pass (east long. 77° 47' and north lat 40° 41'), and from thence in a south-eastern direction 
to tiiie village of Eushtignak, some fifteen miles north of Fyzabad in long. 76° 42> 30" and 
lat. 39° 28^ 3(y . From here the southern boundary runs close to the right bank of the 
Kashgar river, until almost opposite to where the Artush river runs into the plains. 

During the first four days we all marched in company up the valley of the Bogos river 
to the fort Tangitar, about twenty-three miles to the north by west ; then to a Kirghiz camp, 
Bashsugum, in a north-easterly direction ; Tugurmatti almost Eastern ; and Ajaksugun in & 
south-eastern direction ; the directions being from the last camps respectively. 

At Azjak-sugun Captain Trotter and I separated from the rest of the party, marching 
northwards along the road to Ashtifan, to Jaitava, and from thence across the Jigda Jilga 
in a north-east by east P direction to the camp at Nibnlak, crossing the Nibulak pass, pass- 
ing a second jilga, and turning then for almost nine miles more northwards to the Belanti 
pass, beyond which lies the valley of the Kakshal or Aksai river. On our return we passed 
Ayak-sugun, Karaxd, about a mile from our former camp of the same name, and visited 
Kultislak and Fyzabad, returning to Tangishar on the 3rd of March. 

It was not a terj favorable time for travelling in these regions, not so much on account 
of the cold, as in consequence of the heavy falls of snow which appear to occur over the 
whole of Thianshan during the second half of February and first half of March. During 
the last few days of February we were almost constantly wading in fresh fallen snow, 
though on the saline plains it melted very rapidly. 

The snow naturally interfered seriously with our observations. However, obt^ning even 
but a little addition to our knowledge of these hUls, was a better way of occupying our time 
than remaining in our somewhat gloomy quarters. 
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From a ^^logical point of view the trip proved in many respects to be of considerable 
interest, particularly as sapplementing some former observations made more to the west. 
Although there is not much variety in the rock formations we may distinguish three suc- 
cessive series. The most southern part of the province, along the foot of the hills, is formed 
of alluvial gravels and sand in whose unfathomable depths are swallowed both the Artush and 
S^jun rivers, before they can reach the Eashgar daria. Wherever irrigation from the latter 
is possible the fields appear to be fertile ; but in the contrary case, the land is not much more 
than a mere desert covered with low and scanty scrubs of Ephedra Sp. P The manhy g^unds 
along the river are the breeding places of innumerable waterfowl. Brahmini ducks and 
pintails were already selecting sites for their nests on the 1st of March. The latter must have 
only just arrived. 

Where high grass occurs wild pig^ are not uncommon. 

The second series includes the low hills which extend diametrically £rom north to south 
over about thirty miles, while the prevalent strike is from north-east by east to south-west by 
west. All these lower hills are occupied by Artush beds, of which I spoke in a former com- 
munication. They are separated into two groups. The lower beds consist of greenish or 
reddish clays or sandstones, and the upper ones of coarse conglomerates, which on a hill south 
of Tangitar have a thickness of about a thousand feet. At their contact both groups 
generally alternate in several layers. An anticlinal runs almost through the middle of their 
superficial extent. At the fort Ayak-sugun it is caused by a low ridge of old dolomitic lime- 
stones on which the Artush clays and sandstones found a firm support. To the south of it 
the beds dip at angles of about 40** and 60^ towards the Eashgar plain, in remarkably 
regular and successive layers. North of the ridge, which has no doubt a considerable sub- 
terranean extent in an east to west direction, all the beds dip towards north by west at a 
similar angle. Approaching the higher range more recent diluvial gravels cover most of the 
slopes. The geological puzzle of finding strata of young beds as a rule dipping Unoardt a 
higher range composed of comparatively much older rocks seems to me to be due, at least in 
this special case, to the phenomenon that the atmospheric waters which, descending on the 
crest, flow down the slopes of the high ridge, gradually soften them, and if a subterranean 
outlet facilitate it the softened beds .are worn away. While this process is going on the more 
distant beds simply subside in order to fill the vacant spaces. In some cases a sinking or 
rising of the main range, or even an overturn of high and precipitous cliffs, seem to go hand 
in hand with the action of erosion, but it is not always the case. I hope to illustrate this 
idea by a few diagrams, partly derived from actual observations on some future occasion. 

A third series of entirely different rocks forms the main range of hills which are a 
continuation of the Eoktan range, and in which, more to the westward, are situated the 
Terek and Chakmak forts. The average height of the range is here between 1,200 and 1,300 
feet, single peaks rising to about 1,600 feet. The whole of the southern portion consists, as 
far as I could see, of carboniferous rocks, in which, however, there is a great variety of 
structure. The lowest beds are very often a peculiar breccia-limestone passing into regrdar 
limestone conglomerate. Above this are beds of solid grey dolomitic limestone, partly 
massive, partly stratified ; the former possessing the character of reef limestone, and portions 
of it are indeed full of reef -building corals, crinoid stems, and a large Spirifer, the sections of 
which, when seen on the surface, have a striking resemblance to those of Megalodan. 

North of Tangitar and about Bash-sujun I met in several places great numbers of fossils, 
but they were so firmly cemented in a calcareous matrix that only a few .could ho extracted. 
Among these I could recognise a small Bellerophon, Productus semireticulatue, and an 
Athyrii, A new Terebratula was also veiy common. Here about Bash-si^un and Tugur« 



PAUT 1.] Sioliczka: Vini to AUum^Ariuskn 15 

matti greenish shales occurred often interstratified with the limestones, beds of which were 
highly carbonaceous ; the shales appeared to be unfossiliferons. 

The limestone hills, which, as already stated, are a continuation of the Eoktan range 
extend in a north-easterly direction the whole way to south of the Belanti pass, where they 
are overlaid by a particularly well-bedded dark limestone very similar to that containing 
Megalodon north of Chungterek. On this limestone rest greenish and purplish sandstones 
and shales which occupy the pass and the adjoining hills to the north-west of it ; mincnralo- 
gically these last rocks are quite identical with what we understand under the name of 
" Bunter sandstein," and it is by no means improbable that the Belanti beds are also of 
triassic age, as they succeed in regular layers those of the carboniferous formation. 

A peculiar feature in this part of the hills consists in the occurrence of extensive plains 
to which the name jilga is generally applied. It means originally, I think, merely a water- 
course, and, on a large scale, these plains may be looked upon as water-courses of former 
water-sheets. They occur at the base of the high range, and in some respects resemble the 
dwu of the southern slopes of the Himalayas. North of Tangitar one of thjBSe large 
plains occurs within the limestone rocks, being surrounded by them on all sides. It must 
be about thirty miles long from east to west, and about sixteen from north to south. Several 
isolated limestone hills and ridges occur in it, and it is drained off by the Bogos and Sujun rivers, 
the former rising in the south-west, the latter in the south-east corner. The average elevation 
is about 6,000 feet. The greater portion is covered with a low scrubby vegetation, and, near 
the rivers, with high grass. The principal camping grounds are Bash-sujun and Tugurmatli. 
The whole plain, which alEords a g^od pasturage ground, is occupied by about 120 tents of 
Kirghis during the summer. 

The next jilga is the Jigda JUga. It difiEers considerably both in its physical situation 
and in its general character from the former. It stretches from west by south to east by north 
for about thirty-five miles, while the diameter of the eastern half is about twenty and that of 
the western about twelve miles. Save for a few low hillocks it is almost a level plain throughout. 
On the north-western, northern, and north-eastern side it is bounded by the Eoktan range, 
from which several water-courses lead into it, one about the middle from the north and one 
from north-east of considerable size, this containing a large quantity of crystalline pebbles ; 
the rock from which they are derived must be in situ near the axis of the ridge. A third big 
stream comes from the east, leading from the Nibulak pass. None of these streams had any 
water in them. On the south, east, and south-east the plain is bounded by the much lower 
hills composed of Artush beds, their slopes covered with gravel. 

An elevated gap. or saddle situated in the south-west comer appears to connect this jilga 
with that of Tugurmatti. There is no drainage from thin jilga ; all the water is absorbed by 
the enormous thickness of sand and mud which fills the entire basin. This accounts for the 
eomparatively rich vegetation which exists in it. There are several stretches of regular 
poplar forest (P. nigra or P. beUsamifera) up to ten miles long and four to five miles in 
breadth. Besides which there are several places occupied by regular jungle of Tamarix, 
Myricaria, Ephedra, and the peoaliar wormwood, from the seed of which the Kirghiz 
prepare gai4. The Tamarix and poplars must absorb during their growth a very large 
quantity of the mineral salts with which the entire ground is saturated; the wood on being 
burnt gives out a strong smell of sulphur and ohldrine. 

The poplar trees are not healthy ; they resemble oak trees covered with mistletoe. The 
branches are short, stumpy, and bushy. It is evident that the trees only exist in cousequenoe 
of the subterranean moisture. There are a great number of springs through the forest and 
on its edges, but on account of the level character of the plain no flowing streams exist 
except where there has been a very heavy snowfall and very rapid melting. 
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It is satisfaotory to obserye that within three marches of Eashgar there is such a large 
supply of wood, thoQgh it is by no means good wood. I have already stated that the entire 
soil is very saline, and it is remarkable to see how snow melts on this saline ground. Thus 
about four inches of snow fell while we were there. In one day all was melted away on the 
saline ground, while near springs, where the saline matter has been gradually dissolved out of 
the ground, hardly any snow had melted. Where the soil is most moist or even swampy, and 
in river-courses, high reed-grass is abundant. The southern part of the jilga, particularly 
south-east of Taitma, is lowest, and here a large quantity of pure salt in small cubical crystals 
is collected. The fact that there is such a large quantity of saline matter, together with salt 
swamps in the southern part, seems to prove that this jilga at least and probably most of the 
others had been washed out by the sea, and that while others had gradually, though only 
partially, drained ofiP the saline matter, this one retained it because it has at present no outlet 
It is in fact a dried up saline lake, which at some remote time was cut off from the sea of 
which it was a Qord. 

Jigda Jilga is occupied by about 150 to 170 Kirghiz tents ; each tent may be taken as 
containing five souls. There are a few fields near Jigda camp, and if there has been a large 
quantity of snow the crops are said to prosper very well. During the winter the Kirghiz 
are encamped in small groups near the different springs. They do not keep many horses, 
but large numbers of sheep and goats and a few camels. One whole akoi is a light load for a 
camel ; when packed the blankets are made into saddles over the hump of the animal. 

A third jilga is south of the Belanti pass and north-east of the Nibulak pass. It is 
about eight miles in breadth and the same in length. There are two large water-courses 
leading to it from the range. On the southern side it is enclosed by Artush and gravel beds, 
but whether an outlet exists is not known. It has no forest, nor any kind of trees or lar^ 
bushes, and the grass vegetation is scanty, evidently on account of the dryness. A southerly 
outlet very likely exists. We met a few Kirghiz encamped here from Ush-Turfan. The 
only supply of water they had was melted snow, and as soon as the snow-beds about are 
exhausted, they have to retreat with their flocks to the Kakshal valley. 



On THB BTIDBKCB8 OF ' OROUND-TCB ' IH TBOPtCAL XnDIA, DtTBlNG THE T^LCHf B PBBIOD, 

by F. FbDDBk, F.6.S., Geological Survey of India. 

Since the announcement by Mr. Blanford in 1866 (Memoirs, C^logical Survey, India, 
YoL I, page 49) of the occurrence of deposits supposed to be glacial in formations occupying 
the low lands of India south of the Tropic— those fonnations, moreover, being presumably 
of palaeozoic age — the fact has hardly engaged the attention due to one so opposed to every- 
day experience at present. This neglect must, of course, be in a great measure attri- 
buted to doubt. Even among ourselves, observers of the Talchf r boulder-clay have subse* 
quently attempted to offer explanations of its mode of formation without the agency of ioe. 
But this view never obt^ned favour from those having the largest acquaintance with the 
deposits in question, who have confidently looked forward to the confirmation of the judg- 
ment given by Mr. Blanford. 

Although it had been pointed out from the first, that the mode of ice-action involved 
was of a kind in which striation would be the exception rather than the rule, still, striation 
was almost the only independent testimony to be looked for in confirmation of the general 
evidence. The boulder-bed had no resemblance to the till, or the deep-moraine, of a conti- 
nental ice-sheet, except perhaps that the fine greenish silt so frequently forming the matrix 
of the boulder-bed has a great similarity to the well-known glacial mud. It was equally 
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unlike the ordinary monune deposits of glaciers ; the boulders exhibit, most commonly, 
considerable weathering or water-wear. The boulder-bed, too, is not usually a bottom bed, 
but is generally intercalated with very regular and sharply bedded deposits. Lamination is 
moreover not unfrequently displayed in the boulder-bed itself. These features aU point to the 
fami^jar drcumstances accompanying ground-ice, where loose materials are picked up by 
the freezing of the water in rivers or on the shallow marges of water-basins, and floated 
away to be deposited elsewhere. Even so it must happen that such ice-rafts get stranded 
with more or less violence, producing striation and polishing of the imbedded boulders and 
of the rocks with which they may come in contact, as also when urged onward by the accu- 
mulating force of an ice-blocked river. It was therefore confidently expected that sooner or 
later evidence of this kind would be forthcoming in the Talohfr boulder-bed. 

In January 1872 I had the good fortune to find an excellent example of this missing 
link of evidence. The place was visited shortly after by Dr. Oldham, who dug out and 
removed a fine specimen of hard dense close-grained syenitic granite, of which one side is 
beautifully polished, soared and striated. This specimen is now in the Museum of the 
(^logical Survey in Calcutta. Notice was given of the discovery at the time by Dr. Oldham 
in a foot note to a paper by Mr. Blanford on the Geology of N4gpur (Mem. Geol. Sur., 
India, Vol. IX, p. 324).* The section was not then very well seen. But on revisiting the 
ground during the past season, I found the rocks much better exposed. A special record of 
the case is made, as it is not unlikely that the elements may before long obliterate what they 
have now laid bare. The locality is near the little village of Irai on the right bank of the 
Pem river, not quite a mile above its confluence with the Wardha, and ten miles to west 
south-west of Ch^da. 

The surface features of the neighbourhood for a considerable distance always form an 
important consideration in the discussion of any particular case of ice-scratching ; and even 
for these most ancient deposits we are not without some plausible conjectures on this point. 
From the very general fact of the T&lohfr group, and the other lower members of the series 
to which they belong, occupying low ground in the actual drainage basins, and being com- 
monly overlapped by the succeeding members of the series, it is apparent that the actual 
basins are in a manner the reproduction of the pre-Tdlchir ground-configuration. No doubt 
the ancient highlands had been greatly denuded to furnish materials for the thick deposits 
overlying the T41difrs ; and they must have suffered further reduction finom the denudation 
which has for the most part removed again those overlying groups. Tet it is probable that 
the existing contours give an indication of the pre-T&lchir surface. If it be so, there is 
nothing here to support the notion of a glacier having reached the spot under notice. For 
many score miles round there is no commanding elevation of rock older than the T^chfrs 
from which an ice-stream could have descended. The supposition of an expansive ice-sheet 
would be still more difficult to reconcile with the observed features. 

The general circumstances of the case under consideration thus lead us again to the 
supposition of ground-ice ; and this view is remarkably strengthened by the coincidence that 
this single instance of scratched boulders is found in immediate'oonnection with the only 
known example of a scored and polished rock-surface. The boulder-bed is here a bottom rock, 
resting upon compact Pem-limestones (Lower Yindhyan). For a length of 330 yards along 
the river's bank this underlying rock is exposed, displaying a large surface, polished, scratched, 
and grooved after the fashion so familiar to glacialists. The surface has a slope of 12^—16" 
to the west, obliquely overoutting the strata, which have a dip of 8^ to west, south-west. 



* Mr. W. Blanford alio gave a bri«f notioe of the fact, and of the geatinX e?id«noe for the exiatenoe of ffladal 
forces at this early geolo^cal epoch in India, at the meeting of the Britiih Aseociatioo at Bradford, 1S73, Seetiona, 
p. 76. 
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The strie and grooyw ran in long parallel lines, having directions hetween norih-eaBt and 
north-north-east, ohliqne to the slope of the surface ; and from the manner in which the 
rock is affected at the edges of the few planes of jointing, it can he inferred that the move- 
ment was up the slope. It is, of conrie, not certain that the present inclination of this 
surface is the same as when the scoring was produced. The T4lchirs have undergone con- 
siderahle crushing and displacement, though this might well have occurred in soft strat« 
without much affecting the hard rocks against which they rest ; hut the actual conditions 
are so far confirmatory of the view we have heen led to— of an ice-rafb heing drifted against 
and impelled up an opposing rock surfiue. 

The houlder-hed itself is strongly developed in the district, especially to the north, 
where the contained masses of foreign rock — ^limestone, quartzite, granite {pe^ftnaHte and 
proiogine) Ac.^-are of huge size and very numerous. In the immediate vicinity of Irai, 
the houlden are for the most part small, a few attaining a major diameter of 2 feet and even 
2 feet 6 inches. Some of these houlders are worn smooth on certain sides only, and in the 
direction of the longest diameter ; others more rounded have a heantifully polished surface : 
they are moreover striated and scored in fine parallel straight lines, precisely similar to the 
rock-sur&ce ahove descrihed, and resulting evidently from glacial motion or * ground-ice.' 

These houlders are enclosed in a fine gravelly hedof heterogeneous material, conglomera- 
tic near the hase, and intermingled with angular rough hlocks and rock fragments. 

It would appear that the freighted ice-mass had travelled a long distance from the south- 
west, through the Utndr and £dlah4d (Idulahad) districts, where rocks occur of the same 
composition as that of the several houlders. 

The evidences for the glacial origin of these deposits is as conclusive as that for the ice- 
age formations of Europe. • 

The latitude of Irai is 19** SS', elevation under 900 feet ; the most southerly known 
position of the T&lohir houlder-bed is latitude 17^ 2(y, and only a littie ahove the level of 
the sea. 

Bombay, *> 
September, 1874. i 



TsiALS ov BXNiGiJ7j Fi^Ib-bbicks, by T. W. Hughes and H. B. Msdlicott, 

Geological Survey of India. 

Amongst other investigations connected with the projects to utilize the Indian iron-ores^ 
some fire-hricks that were furnished hy the firm of Messrs. Burn and Company were ex* 
amined and bested in September last. 

They were made from various clays obtained in the neighbourhood of B&nigaig and 
elsewhere, and were highly recommended as having stood the wear and tear of ordinary 
cupolas, and it was hoped ihat they would be found capabb of standing the more heavy work of 
a blast furnace. It will be seen, however, from the subjoined details of my experiments, that 
there were some defects in their oomposttion, and that although they were quite as good, or 
rather somewhat superior to the Stourbridge firebricks which could be proonnd at the time^ 
they fell short of the excellence of Qlenboig. 

Subsequent trials, however, of the same kind and deg^ree as those conducted in the first 
instance were made by Mr. Mediioott on bricks improved as suggested in the first report, and 
his verdict was *'that several of them stood the test perfectiy, showing no sign of cracking or 
of vitrification." These latter trials were made in the presence of Mr. Whitelaw, Manager of 
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the Bengal Iron Company's proposed work, and others, who agreed in the fiivorable estimate 
formed of the quality of these bricks. 

The experiments were, with the kind permission of Colonel H. Hyde, B. b.. Master of the 
Mint, condacted at -the Mint furnaces. 

Mr. Hughes, who conducted the first trials, reported— > 

1. " The fire-bricks tested by me were furnished by the firm of Messrs. Bum and 
Company, and are stated to have been made from fire-clay obtainable in the neighbourhood 
of Mallapdr.' 

''The results of my experiments are— 

" lit, — ^That the material from which they are made is very refractory, and capable of 
resisting high temperatures without sensibly fuung. 

'*2nd. — ^That the bricks, however, have failed to sustain the high character for excellence 
which Mr. Cowhan (the Manager of the B4nig^nj Pottery Works) has attributed to them, 
inasmuch as they shrink on being subjected to strong firing, and show a tendency to fissure. 

" 8r<£. — ^That compared with Glenboig fire-bricks they are inferior ; but compared with 
Stourbridge fire-brides they are somewhat superior. 

** I attribute the shrinkage and fissuring to the texture being too fine ; and this can only 
be remedied by the addition of a proper amount of burnt day in coarse powder, or some 
infusible substance like silica. The particles of silica (quartz) must not be too fine, otherwise 
they may enter into combination with the clay. 

" The usual proportion of raw to burnt clay is | of the former to ^ of the latter, 
and I bdieve this proportion was adopted in the manufacture of the fire-bricks from B&ni- 
ganj. It does not appear to have answered however ; but this was probably due to the burnt 
clay having been ground up too fine. On a purely practical point of this kind, I do not like 
to give a decided opinion, as experience alone can determine what the proper proportions 
ought to be, and I would suggest that separate sample bricks be prepared, containing varying 
proportions of ground brick and silica, and the particles to be of vaiying sizes. A series 
of experiments carefully conducted will, I feel sure, enable fire-bricks to be made that will 
possess all the qualities requisite for the special purposes to which th^ may be applied." 

12^j| September 1874 

Dbtaiis of bxpbbdcbkts. 

(A). — ^The brick marked A was subjected to a temperature of over 3,000 Fahrt. in a 
wind furnace, the fuel being English coke. It was purposely broken in half. 

Bemarke, — ^The edges have stood well. 

(B). — ^Was heated in the same furnace as a Qlenboig brick, at a temperature considerably 
higher than the smelting point of cast-iron. 

Bemarks. — It cracked, and was fissured throughout. 

(0). — Was submitted to conditions similar to (B). 

Bemarke. — It is superior to (B), but it is internally fissured. It contains 
an excess of alkaline earth, which has vitrified. 

(D). — ^Was inserted in a plumbago crudble to avoid contact with the coke. This was 
carefully weighed and measured previous to insertion and after extraction 
Its tenderness was also noted. 
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Remarks. — The edges have resisted fusion, which is a good quality, and its 
tenderness was not of an appreciable amount. It contracted, however, more 
than I expected. The following were the measurements and weights : — 
Measurement before insertion ... 9 V long. 2 n' deep. 

„ after extraction ... 9" „ 2^^" „ 

Weight before insertion ... ... ... 277 tolas. 

m' after extraction ... ... ... 275^ „ 

This brick when externally examined appears to approach in texture much nearer 
the required standard than any other. 
(E).— Was heated like the last in a plumbago crucible. It is made of pure fire-clay. 

Remarks.—! think it was too strongly burnt in the first instance, t. e., before it 
passed into my hands. It cracked on being taken out of the furnace and de- 
posited on a cold floor. 
(F).— Was tested in the same manner as (B) and (C). 

Remarks.-^lake the other bricks, it exhibits fissures internally. 
(G. & H).— Glenboig bricks, purposely broken, submitted to conditions similar to (B) 
and (C) and (F). 
Remarks.—lt wUl be observed that there are no fissures. No contraction and 
no softening. 
In the second series of trials conducted by Mr. Medlicott, ten bricks, made at the 
R4niganj works, were tested with one of Stourbridge brick and one of Glenboig brick, 
and also one common machine-made brick. They were kept for four hours in the gas 
furnace in plumbago crucibles— for the last two hours at the full blast None showed any 
sign of fusion. The machine-made brick and the Stourbridge brick were badly cracked, 
and one of the Bdniganj bricks slightly so. The loss of weight was very marked in the 
Glenboig brick ; next so in the Stourbridge, probably due to the coarser texture of the former, 
and in both to their having been less well dried than the others. 

Five of the bricks were put into a coke furnace with a Glenboig brick, and five in a 
second furnace with a Stourbridge brick. The former furnace seems to have been most 
heated : even the Glenboig brick bent and broke, and showed as much vitrification as the 
others. In the other furnace, all were more or less damaged— the Stourbridge least so. 

Gbolooical Musbum, ) 
January 1875. J 



LIST OF DONATIONS TO THE MUSEUM. 

DUKIKG OCTOBBB, NOYBHBBB, AND DeCBMBBB 1874. 

Specimen of Asbestos from Kuran, Koh4t Frontier. Presented by Captaih N. Cavaohabi. 
An Elephant's tusk, deeply eaten into by Porcupines, found in the Meekir Hill Jungles. 

Presented by Captain J. Johnstons, s. g. 
Specimens of Opal in matrix from New South Wales. Presented by W. Dbummond, Esq., 

Stdnby. 
Ores of Copper, Lead, and Antimony, and other minerals from the mines, Kulu, Punjab. 

Presented by Mb. J. Caltbbt, Kulu. 
Iron Pyrites from the Bozdar Hills, Trans-Indus. Presented by Captain R. G. Sandbman, 

Dbfutt Commissionbb, Dera Gazi Khan. 
Quasi-Fossils (cellukr quartz) in schistose slates from PalnAd, Madras. Presented by 

J. Yanstaybbn, Esq. 

January 1875. 
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ACCESSIONS TO LIBRABY. 

Fbom IsT OcTOBBB.TO SlsT Dbcbmbbb 1874. 

Titles qf Books. Donors. 

Abstract of the Beporta of the SmreyB and of other €kographical operations in India for 

1872-73, (1874), 8vo., London. 

India Ovficb. 

Anstib, John. — ^The coal-fields of Gloucestershire and Somersetshire and their resources, 

(1873), 8vo., London. 

Babbandb, Joachim. — Sjstdme Silarien da centre de la Bohdme, Part I, with plates, Sup- 
plement to Vol. I, and Vol. II, pt 8, (1872-74) 4to., Paris. 

Thb Authob. 

Bbaurs, D. — Der Obere Jura im nordwesUichen Deutschland, (1874), 8vo., Braunschweig. 
CmriBB, M. F. — Des Dents des mammif^res consid^rto comme caract^res Zoologiques, 

(1826), 8yo., Strasbourg. 
Dabwih, C. — The structure and distribution of Coral Beefs, 2nd Edit (1874), Sto., London. 
Daweiks, W. Boyd.— Cave Hunting, (1874), 8vo., London. 
Dbbtok, J. B.— The storage of water, (1874), 8yo., London. 
Edwabds, Alphoksb Milkb.— Histoire des Crustao^s Podophthalmaires Fossiles, (1861), 

4to., Paris. 

Thb Authob. 
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— Note sur existence d'un pelican de grande taille dans les 
tourbi^res d'Angleterre, 4to., Paris. 

Thb Authob. 

— Oiseauz Fossiles, (1869), 8vo., Paris. 

Thb Authob. 



Falconbb and Cautlbt. — PalsBontological Tracts, 8yo. 
Gaudbt, Albbbt. — ^Animaux Fossiles du Mont L^beron, (1873), 4to., Paris. 
Obikitz, Db. H. B.— Das Elbthalgebirge in Sachsen, Theil I, lief. 4—5, Theil II, lief. 1 and 

2, (1872), 4to., Cassel. 

Thb Authob. 

„ „ Das Konigliche minendogische Museum zu Dresden, (1873), 8yo., 

Dresden. 

Thb Attthob. 

Gbbbitwood, Hbkbt.— a manual of metallurgy. Vol. I, (1874), 8vo., London. 
Haabt, J. — Besearches and Excavations carried on in and near the Moa Bone Point Cave, 

Sumner Boad, in 1872, (1874), 8yo., Christ Church. 

Thb Authob. 

How, Hbkbt. — The mineralogy of Nova Scotia, (1869), 8vo., Halifax. 
Hunt, T. SrBBBT.-^History of the names Cambrian and Silurian in Geology, (1872), 8vo., 

Montreal. 
„ „ — ^The coal and iron of Southern Ohio considered with relation to the 

Hocking Valley coal-field and its iron ores, (1874), 8vo., Salem. 
Kbbkb, H. G.— Note on the stone industries of Agra, (1873), 8vo., Mirzapdr. 

V. Ball. 

KoviHCK, L. G. DB.-^Becherches sur les Animaux Fossiles, Part II, (1873), 4to., Bonn. 
Macxihtobh, D. — The Scenery of England and Wales, (1869), 8vo., London. 
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Titles of Boohs. Donors, 

M0188EKET, M. L. — ^£tade8 8ur les Filons dtf Cornwall. Parties Biohes des Filons, with 

Atlas, (1874), 8vo. and 4to., Paris. 
O08TBB, W. A. — Petrifications remarquables des Alpes Soisses. Le Corallien de Wimmis, 

(1869), 4to., Geneve. 

Thb Authob. 

PvEiFFBB, Cabl. — Sjstematische Anordnong and Beschreibung deiitscher Land-nnd Wasser- 

Schnecken, (1821), 4to., Gassel. 
Pfeiffeb, L. — Kritisches Begister za Martini nnd Chemmtz sjstematischen Gonchylien- 

Cabinet> (1840), 8vo., Eassel- 
Protozoe Helvetica, Bd. 11, Abth. 3, (1871), 4to., BaaeL 
QusNBTEDT, F. A. — Petrefactenkande Dentschlands, Bd. Ill, Abth. I, heft. 1 — 6 and Atlas, 

(1873-74), 8vo., Leipzig. 
Report of the Commissioners appointed to inquire into the several matters relating to ooal 

in the United Kingdom, Vols. I— III, with Atlas of 16 M. 

plates, (1871), flso., London. 

A. Bakbat. 

BETBAim, Louis. — ^Le fer et HouiUe, (1874), 8vo., Paris. 

BiYi^BE, £mile. — D^averte d'un sqoelette Humain de l^Epoqae Pal^lithique, (1873), 

4to., Paris. 
BoBEBT, J. F. — Dizionario Italiano — ^Inglese e Englese — ^Italiano, (1874), 8vo., Firenze. 
Both, J. — Beitrage znr Petrographie der plutonischen Qesteine, (1873), 4to., Berlin. 
Sbebach, Eabl YOir.— Das Mitteldeatsche Erdbeben vom 6 Marz, 1872, (1873), 8vo., 

Leipzig. 

The Attthob. 

Selwyn, a. B. C— Notes and observations on the Qold-fields of Quebec and Nova Scotia, 

(1872), 8vo., Halifax. 
WiLKiKSON, C— Beport on the Tin-bearing country. New England, (1872), flsc., Sydney. 
Young, John. — Physical Greography, (1874), 8vo., London. 
Zibeel, Db. Feed. — Die Mikroskopische Beschaffenheit der mineralien und Qesteine, (1873), 

8vo., Leipzig. 
ZiTTEL, Db. K. a. — Die Bauberhohle am Schelmengraben, 4to., Miinchen. 

The Authob. 

ZiTTEL, Pbof.— Aus der Urzeit, Ist hal^ (1871), 8vo., Miinchen. 

The Authob. 

PEBIODICALS. 

American Journal of Science and Arts, 3rd Ser., VoL VIII, Nos. 44 — 46, (1874), 8vo., 

New Haven. 

The Editobs. 

Annales des Mines, 7th Series, Vol. V, livr. 2, 1874^ 8vo., Paris. 

L'Adminstb. des Mikes. 

Annals and Magazine of Natural Histoiy, 4th Ser., Vol. XIY, Nos. 81-^3, (1874), 8vo., 

London. 

Arohiv fur Naturgeschiche, Jahrg. XL, heft 1, (1874), 8vo., Berlin. 

Biblioth^ue Universelle et Bevue Suisse. Archives des Sciences Physiques et NatureUes, 

VoL XMX, Nos. 193—196, and L, Nofc 197—200, 1874, 8vo., 

Geneva. 
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Tities of Books. ^ Donors. 

BMoih^ae IJmverselle et Revue Suisse, Vol. XLIX, NO0. 193— 196, and L, Nos. 197-200, 

and LI, Nos. 201 and 202, (1874), 8vo., Lausanne. 
C0RJL9 GuiDO.— Cosmos, VoL II, Nos. 2 and 3, (1874), 8vo., Torino. 

GuiDo Cora. 

CreograpHcal Magazine, Nos. 6—8, (1874), Boy. 8yo., London. 

Geological Magazine, New Series, Decade II, YoL I, Nos. 9—11, (1874), 8vo., London. 

Indian Economist, witii Agricultural Gazette and Statistical Beporter, Vol. YI, Nos. 2—4, 

(1874), 4to., Calcutta. 

Govt, of Ivdia. 
Journal de Conohyliologie, 3rd Series, Vol. XIY, No. 3, (1874), 8yo., Paris. 

The Editors. 

London, Edinburgh, and Dublin Pbilosopbical Magazine and Journal of Science, 4th Series, 

Vol. XLVIII, Nos. 317—319, (1874), 8vo., London. 

LuTNBS LE Due DE. — Yojage d'Ezploration a la Mer Morte a Petra et sur la rive gauche 

du Jourdain, lief, 17 & 18, (1874), 4to., Paris. 

Martini vsd Chemkitz. — Systematisches Conchylien-Cabinet, lief, 228 — ^231, (1874), 4to., 

Niimburg. 

Mineral Statistics of Victoria for 1872-73, (1873-74), flsc, Melbourne. 

Mining Deft., Victobia. 

Nature, Vol. X, Nos. 254—266, (1874), 4to., London. 

Neues Jahrbuch fiir Mineralogie, Geologic, und PaI»ontologie, Jahrg. 1874, heft 6 & 7, (1874)., 

8vo., Stuttgart. 
Palsontographica, Band XX, lief. 7, XXII, Hef. 6, and XXin, Hefl 1 & 2, (1874), 4to., 

Cassel. 
Petbrmann, Dr. A.— Geographische Mittheilungen, Band XX, Nos. 8—10, (1874), 4to., 

Gotha. 
„ „ Geographische Mittheilungen, Supplement Nos. 34—38, (1872-74), 

4to., Gotha. 
Pfeffteb, Db. L.— Malakozoologische Blatter, Band XXII, Bg. 1—4, (1874), 8vo., Cassel. 
PoooENDOBFF, J. C. — ^Aunaleu der Physik und Chemie, Band 152, Nos. 7 & 8, and 153, 

No. 9, (1874), 8yo., Leipzig. 
Professional Papers on Indian Engineering, 2nd Ser., Vol. JII, No. 14, (1874), 8?o., Roorkee. 

Thomason Colleos of Civil Engineebino. 

Quarterly Journal of Microscopical Science, New Series, Nos. 55 & 56, (1874), 8vo., London. 

Quarterly Journal of Science, No. 44, 1874^ 8yo., London. 

Beports of the Mining Surveyors and Registrars, Victoria, for quarters ending 30th June, 

30th September, and 31st December 1872, and 3l8t March 1873, 
and 31st Maroh 1874, (1872-74), flsc., Melbourne. 

Mining Deft., Victobia. 

The Year-book of Photography and Photographic News Almanach for 1871-74|, 8vo., London. 

GOVERNMENT SELECTIONS, Ac. 

Bbitish Bubm a.— Administration Report on the HiU Tracts, Northern Arakan, for 1873-74|, 

(1874), 8vo., Rangoon. 

Chibf C0MMI8810NEB, Bbitish Bubma. 
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CbntbjlL Pboyinces. — Beport on the administration of the Central f rovinoes for the year 

1873-74 by J. H. Morris, Esq., (1874), 8vo., Nagpiir. 

Chibf Commibsioksb, Cevtbal Pbotikcbs. 

Ikdia. — Selections from the Records of the Qovemment of India, Foreign Department, 

Ko. 114. Beport on the political administration of the terri- 
tories within the Central India Agency for 1873-74, (1874), 8vo., 
Calcutta. 

Gotbbitmbht ov Ikdia. 

Punjab. — Selections from the Records of the Punjab Government, New Series, No. X. 

The Himalayan Districts of Kooloo, Lahoul, and Spiti by 
CSaptain A. F. P. Harooort, (1874), 8vo., Lahore. 

Punjab Goybbnmbnt. 

TRANSACTIONS OF SOCIETIES, Ac. 

Amstbbdam. — Jaarboek van het M^nwezen in Nederlandsch Oost Indie, Jahrg. Ill, Deel I, 

(1874), 8vo., Amsterdam. 

RoTAL SOCIBTT OF BaTAVIA. 

Bbblin. — Monatsbericht der konig. Preuss. Akad. der Wissenschaften za Berlin, Juli, and 

Aog., (1874), 8vo., Berlin. 

Thb Acadbmt. 

„ Inhaltsverzeichniss der Abhandlnngen der konig. Akad. der Wissenschaften zn 

Berlin, 1822-72, (1873), 8vo., Berlin. 

Tee Acadbht. 

„ Zeitschrift der Deutschen Geologischen Gesellschafb, Bd. XXV, heft ^ & XXVI, 

heft 1-2, (1873-74) 8vo., Berlin. 

Thb Socibtt. 

Bonn. — Verhandlangen des Natorhistorischen Yereius, Jahrg. XXXI, Band I, pt. 4, (1874), 

8vo., Bonn. 

Thb Socibtt 

Brbslau.— Abhandlnngen der Schlesisehen Gesellschaft fiir Vaterlandische Cnltnr Philosoph- 

historische, Abth. 1873-74, (1874), 8vo., Breslan. 

Thb Socibtt. 

„ Einandfonfzig^ter Jahres-Berioht der Schlesisehen Gesellschaft far Vaterlandische 

Cnltur, (1874), 8vo., Bresbu. 

Thb Socibtt. 

Bbuzbllbs — ^Annoaire de TAoad^mie Royale des Sciences de Belgiqne, (1874), 8vo., 

Brnxelles. 

Thb Acadbmt. 
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Bulletins de I'Acad^mie Royale de Belgiqne, Vols. XXXV and XXXVI, 
(1873), 8vo., Brnxelles. 

Thb Acadbmt. 

„ M^moires Couronn^s et autres M^moires, Vol. XXIII, (1873), 8vo., Brnxelles. 

Thb Acadbmt. 
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BBUZBLLB8. — ^M^olres Conronn^s et M^moires des Sayants Eirangers, Vol. XXXYII, 

(1873), 4to., Brozelles. 

Thb Acadbmt. 

„ M^moires de TAcad. Boyale de Bdgique, VoL XL, (1873), 4to., Bruzelles. 

Thb Acadbmt. 

Calcutta,— Journal of 'the Afliatic Society of Bengal, New Series, VoL XLm, pt. 2, 

Nob. 2, 3, (1874), 8to., Oalcatta. 

The Society. 

„ ProoeedingB of the Asiatio Sodeiy of Bengal, Noa. 8 and 9, (1874), 8yo., Calcutta. 

Thb Society. 

CoFEBHAOEir. — Oyoniglit over det kong. danske Yidendcabemes Selskabs, Nob. 2 and 3, 

1873, and Na 1« 1874, (1873-7^, 8yo., Copenhagen. 

The Boyal Academy. 

Dbbsdek. — Sitznngsberichte der natarwissenschaftliohen GeBellschaft, Isis, in Dresden, 

Jahrg. 1871, May and July, 1872 July to September, 1874 
January to March, (1871-74), 8yo., Dresden. 

The Society. 

Edibbuboh.— Transactions of the Edinburgh Geological Society, Vol. II, pt. 3, (1874), 8yo., 

Edinburgh. 

The Socibty. 

Glasgow. — Proceedings of the PhiloBophical Sodety of Glasgow, YoL IX, No. 1, (1874), 

8yo., Glasgow. 

The Society. 

^ TransactionB of the Geological Sodety of Glaagow, Palieontologioal Series, pt I, 

4to., Glasgow. 

The Society. 

TnuuaetionB of the Geological Society of Glasgow, Vol. IV, pt 3, (1874), 

8yo., Glasgow. 

Thb Society. 

LoKDOK.— Journal of the East India Association, VoL VIII, No. 2, (1874), 8yo., London. 

The Absociatiob. 
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Journal of the Boyal Geographical Society, Vol. XLTTT, (1873), 8yo., London. 

The Society. 

Proceedings of the Boyal Gteogiaphioal Society of London, Vol. XYIII, Nos. 3-5, 

(1874), 8yo., London. 

Thb Society. 

Proceedings of the Boyal Society of London, YoL XXII, Nos. 152 to 154, 

(1874), 8yo^ London. 

Boyal Society. 

Quarterly Jouxnal of the Geological Sodety of London, YoL XXX, pt. 2, Nos. 118 

and lid, (1874), 8yo., London. 

Thb Society. 
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MiiroHSSTBB.— Tmuaotions of the Manchester Geological Society, Vols. I to ZII, (1861-78), 

8vo., Manchester. 

Thb Socibtt. 

MoBCou. — Bulletin de la Soci^t^ Ixnp^riale des Natnralistes de Mosooo, Tome XLVI, 

No. 4, (1874), 8yo., Moscou. 

The SocnETY. 

M^KCHBK. — Sitznngsberichte der math-phys. cbss der k. b. Akadeznie der Wissenschaften, 

' 1873, heft 3, and 1874, heft 1, (1874), 8vo., Munchen. 

TeB ACiODBMT. 

MOkchbk. Bi8CH07F, Db. T. L. W. Yon. — Ueber den Einfluss des Freiherm Justus von 

Inebig anf die entwicklung der Physiologie, (1874), 8vo., 

Thb Academy. 

„ Pbttbnkofbb, Db. Max. yoir.— Dr. Justus Freiherm yon Liebig znm 

Gedachtniss, (1874), 4to., Miinchen. 

Thb Acadeht. 

„ VoGEL, AvonsT.— Justus Freiherr yon Liebig als begriinder der Agrikultur- 

Chemie, (1874), 4to., Miinchen. 

The Academt. 

M Yerzeichniss yon 5,563 telecopischen stemen supplement band XIII, (1874), 

8yo., Munchen. 

The Acadbmt. 

New Zbalakd. Hectob, Jakes.— Eighth Annual Beport on the Colonial Museum and 

Laboratory, (1873), 8yo., New Zealand. 

J. Hectob. 

Pabis.— Bulletin de k Sod^t^ G^dofi^que de France, 2nd Ser., Yd. XXIX, Nos. 4—9, 3rd Ser., 

Yol. I, Nos. 1—5, and Yol. H, Nos. 1—2, (1872-74), 8vo., Paris. 

The Socibtt. 

„ Comptes Bendus, Yols. 66-76, and Tabb Gt^n^rale des CWptes Bendus pour 1851-65, 

(1868-1873), 4to., Paris.. 

L' Acad, de Sciekcb de l' Institut de Fbancb. 

M^moires de Flnstitut Lnp^riale de France, Yols. XXXYI, XXXYU, pt 2, 

XXXYIII, and XLI, pt 1, (1870-74), 4to., Paris. 

L' Acad, de Science db l' Institut de Fbancb. 

„ M^moires pr^sent^s par diyers sayants a 1' Acad^ie des sciences de Y Institut de 

France, Yol. XX, (1872), 4to., Paris. 

L' Acad, db Scibncx ds l' Inbtitxtt de Fbancb. 

Pbst. — Mittheilungen aus dem jahrbucher der kon. ungar. (>eologischen Anstalt, Bd. I, 

Hef 3, and II, Hef 2 & 3, (1873), 8yo., Pest. 

The Instittttb. 
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A Magyar kir Foldtani intezil Eykonyye, Bd. II, pt. 3, (1873), 8yo., Pest 

The Institute. 



„ Catalogue des Nummulites exposes k V exposition Uniyerselle h Yienna de V ann^, 

1873, (1873), 8yo., Pest 

The Institute. 
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Pjut.— Die Anastelliiiigs-Objeeie der kon. nngar. Geologisdien Aii8talt» (1873)» 8vo., Pest. 

Thb Iksti^utb. 

ti Die KoUektiy-Aussiellang nngarischen Kohlen auf der Wiener Weltaasstellung, 

(1873), 8to., Pest 

Thb Institutk. 

PfliLADELPHiA.— Joanial of the Academy of Nataral Scienoee of Philadelphia, New Series. 

Vol. Vni, pt. 1, (1874), 4to., Philadelphia. 

Thb Acadbmy. 

„ Proceedings of the Academy of Natural Sdences of Philadelphia, parts 

I to m, (1873-74), 8to., Philadelphia. 

Thb Acadbmt. 

Pltmouth. — ^Report and Transactions of the Devonshire Association, Vols. I — YI, pt. 1, 

(1863—73), 8vo., Plymouth. 

Bomb.— Bollettino R. Comitato Geologioo d' Italia, Nos. 7—10, (1874), 8vo., Rome. 

Gbol. Comm. of Italt. 

Stockholm. — Sveriges Geologiska IJndersokning, Nos. 36— 41, and 6 large maps, (1870), 

8vo., Stockholm. 

BuBBAu Gbol. Subdb. 

St. Pbtbbsboubg. — Bulletin de TAcad^mie Lnp^riale des Sciences de St. Petersbourg, 

VoL XVin, Nos. 3-6, and XIX, Nos. 1—3, (1873-74), 4to., 
St Petersbourg. 

Thb Acadbmt. 

„ M^moires de I'Acad^mie Imp^riale des Sciences de St. Petersbourg, 

Vol. XIX, Nos. 8—10, XX, Nos. 1—6, and XXI, Nos. 1—6, 
(1873-74), 4to., St. Petersbourg. 

Thb Acadbdt. 

Tabmania. — Monthly notices of Papers and Proceedings of the Royal Society of Tasmania 

for 1873, (1874), 8vo., Tasmania. 

Thb Socibtt. 

Tobohto.— Canadian Journal of Science, New Series, Vol. XIV,' No. 3, (1874), 8vo., 

Toronto. 

Cakadiak Ikstituts. 

TuBlK.—Atti della R. Acoademia delle Sdenze di Torino, Vol. IX, Nos. 1—6, (1873-74), 

8vo., Torino. 

Thb Acapbmt. 

„ Bollettino Meteorologico ed Astronomioo del Regie Osservatorio del V Uniyersita di 

Torino, Anno VII, (1873), 4to., Torino. 

Thb Acadxmy. 

„ Memorie delle Academic delle Science di Torino, 2nd Series, Vol. XXVII, (1873), 

4to., Turin. 

Thb Acadbmt. 

ViBKNA.— Abhandlungen der k. k. Geologischen Reichsanstalt, Band V, heft 6, VI and 

VII, Nos. 1 & 2, (1873-74), 4to., Vienna. 

The InsTrruTB. 
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YiBNiTA.^ Jahrbnch der k. k. QeologiBcben BeichBanstalt, Band XXTTI, No8. 3 and 4, and 

XXIV, No. 2, (1873-74), 8vo., Vienna. 

Thb Ikstitutb. 
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K. K. Geologisohen Beichsanstalt, Catalog der Anastellnngs-Gregenstande bei der 

Wiener Weltansstellang, 1873, (1873), 8vo., Vienna. 

Thb Ikstxtutb. 

VerhandlnQgen der k. k. (xeologisclien Beichsanstalt, Jahrg. 1873, Nos. 11 — 18, 

and 1874, No. 7, (1873-74), 8yo., Tienna. 

Thb Ikstitutb. 

SitzongsberichiG der kais. Alcademie der Wissensdiafien, Band LXVI, abth. I, 

beft 1—6, abth. H, heft 1—6, abth. Ill, heft 1— «, Band LXVII, 
abth. I, heft 1—6, abth. II, heft 1—3, (1872-73), 8vo., Wien. 

Thb Academy. 

Washington. — Annual Report of the Secretary of the Interior on the operationa of the 

Department for 1873, (1873), 8yo., Washington. 

IT. S. Geol. Subybt. 

Bolletin of the United States Geological and Greographical Snrvej of the 
Territories, Nos. 1 & 2, (1874), 8vo., Washington. 

The Subybt. 

United States Geological Surrey miscellaneons publications, No. 4. Synopsis 
of the Flora of Colorado, by John M. Coulter and T. C. Porter, 
(1874), 8vo., Washington. 

U. S. Geol. Subvet. 

United States Greological Survey miscellaneous publications. No. 6. Descrip- 
tiye Catalogue of the photographs of the United States G^lo- 
gical Survey of the territories for 1869 to 1873, by W. H: 
Jackson, (1874), 8vo., Washington. 

U. S. Gbol. Subvet. 

Wellinoton. Hbctob James. — Meteorological Beport for 1873, including returns for 

1871-72, and Abstracts for previous years, (1874), 8vo., Wel- 
lington. 

J. Hectob. 

Yokohama. — Mittheilungen der Deutschen Gesellschaft fur Natur und Volkerkunde 

Ost Asiens, heft 6, (1874), flsc, Yokohama. 

The Socibtt. 

Maps. 
Helmersen.— Carte GMogique de la Bussie. 
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pBBLiif INABT KOTB ON THE GoLi>-FiXLi>8 OF SoUTH-BAST WtnXd, Madras Presidency^ 
by William Kino, b. a., Deputy Superintendent, Geological Survey qf India, Madras. 

The attention of the Madras Government having heen again called, after a lapse of 
BeMon for preient brief ^'^''^ forty-two years, to the occurrence of gold in the Malahar Dis- 
'*I^'^ trict, it was considered advisable that an examination of the coontry 

should be made by the Geological Survey of India. It now, however, turns out that the 
area over which the auriferous deposits and quartz reefs extend is so large, that a considerable 
period of time must elapse before a full report of the whole district can be made. In the 
meanwhile, as a gold mining company had been started with the intention of opening 
up the quartz reefs known to exist in Wyn&d, and more particularly those near 
Dayv&Uah, my attention was first directed to this region. The countiy examined up to this 
time constitutes a local division of this part of the district and is sufficientiy large and 
important in itself to be described separately in these Records. 

The intermediate elevated terrace of mountain-land lying between the low country of 
Topoffnphj of WynAd Malabar, the loftier plateau of the Nilgiri mountains, and the 
plateaiL Mysore territory, called the Wyn4d, has been conveniently separ- 

ated (principally by the Cofiee Planters) into three divisions : North Wyn&d, South Wyn&d, 
and South-east Wyn&d ; and these larger areas are again parcelled out after a native classi- 
fication into Amshams. South-east Wyn&d includes among others. the NambaHcode, Moon&d, 
and Moopia-n4d Amshams, the latter being the most north-westerly of the three, and touching 
on South Wynid or that in which the central village of Yythery is situated. Manantoddy, the 
principal town of the plateau, is in North Wyn&d. 

The present paper has to do with so much of South-east Wyn&d as lies to the south- 
south-west of and alongside the road from Gtidaldr to Sultan's Battery (Gunnapuddy- 
yuttom of Adas-sheet). The other boundaries are the Nilgiri plateau and Ouchterlony valley 
on the east-south-east ; the great line of precipices of the Western Ghats from N&dg&ni 
(Carooor ghflt) to the mountain of Vellaramnlla on the south-soath-west» and a high water- 
shed running from Vellaramulla to Sultan's Battery on the north-north-west. 

This mountain terrace has an elevation on an average of above 3,000 feet ; but out of it 

rise peaked ridges and hills of considerably greater heights, varying 
from 3,5W to nearly 7,000 feet above the sea. 
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Along the ed^e of the gh&ts, oocaaionally for short disatnoes inside of these, and down 
p rMt lu M *^® great rihs and intermediate trenches to the low conntry, all the 

g^nnd is covered bj dense and lofty black forest. Inland, there 
are rounded grassy hills enclosing valleys, interspersed with good belts of forest, most of 
which is, however, of poorer tree jungle than that of the gh&ts. Nearly all the valleys 
contain swampy flats, which are largely cultivated as paddy or rice-fields. The coffee 
gardens, which are the European speciality of Wynad, have, as a general rule, been made in 
clearings near the edge of the gh&ts in the black forest, or in the denser parte of the inland 
jungle. 

A good deal of mbconception appeavs to exist as to the healthiness of Wyn&d. As far 
^jjjjjy^^ as my own personal experience goes, the climate from the end of 

September to the middle of January is tolerably well adapted for 
Europeans. I am informed by the planters that it is even healthier from May to September ; 
so that there are only three months in the year when the country is not healthy. Many 
planters leave during these months for the coast, or the Nilgiris ; but others are known to 
have remained with their wives and children for two and three years continuously. 

On the other hand, the climate is not suitable to the natives, except such as belong to 
the country, as the Chetties, Mopahs, Eorumbars, Pannirs, &c. ; but much of this unsuitabi- 
lity, may, however, be due to carelessness of the men brought into tbe country, and the fact of 
their being away from their homes. 

Next to the tremendous rains of this region and the two or three unhealthy months, 
the land-wind is perhaps one of the worst evils to be encountered. Bungalows are built 
so as to present a sheltering side to it; it is dangerous to sleep in; and it is about as 
disagreeable to be felt or heard as the bleakest east wind in England. Fortunately, it seldom 
lasts all day except for a short time in the year ; and in its place comes the oppositely mild 
and soothing wind from the western sea. 

The Malabar District has been famous for gold from time immemorial. Gold is still 
History of the gold qnes- washed for in the low country and in Wynfid ; and it used to be 
ti<>°- got in old days from quartz ' leaders' in the hill country sround 

Dayv&llah, Nellialum, &c. Two tribes of people obtain the gold. The Pannirs wash for it 
in the alluvium, surface soils, and river sands. The Korumhart dug down to and excavated 
the quartz leaders. Tradition says that large finds of gold have been made at odd times by 
the Kommbars. The Pannirs rarely find more than four annas' worth of gold in a day each 
man. The latter only wash for gold now (in the Wyn&d) in the o£E season, when they 
cannot get work in the coffee gardens at five annas a day. 

In 1793 the gold mines of Malabar appear to have been noticed by the then Governor 
of Bombay, who tried to get information on the subject ; and they were farmed by the 
Madras Government in 1803. 

In 1831 Mr. W. Sheffield, Principal Collector of Malabar, wrote an interesting report on 
these gold mines, upon which Lieutenant Woodly Nicholson, 4i9th Regiment, Madras Native 
Infantry, was deputed to explore the country with a view to the development of this industxy. 
The latter officer visited the Nambalicode Amsham, examined all the old workings of the 
Korumbars on the Chulaymullay near Dayvallah, and obtained gold from the surface wash- 
ings in the same neighbourhood. He also visited all the known gold localities in the low 
country of Malabar. He does not seem to have thought much of Dayv&llah, and the gold 
obtained was not so pure as that from the plains. His acquaintance with the practical 
buRiness of the matter and his knowledge of the geological structure of the countiy were 
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very poor, bat his perseyeranoe at the work was marvellous under the difficulties, real and 
ima^nary, with which he had to contend. A committee was then appointed, consisting of 
Mr. F. Clementson, Principal Collector, Major A. Boss, Superintending Engineer, Malabar 
and Canara, and Dr. F. W. Ward ; and an able report, dated 25th May, 1833, was the 
result. These three gentlemen practicaUy condemned the working for gold, as an European 
industry, in the low country of Malabar. My own examination of the plains has as yet only 
been a cursory one ; but without going so far as this decision, I am inclined to agree to a 
great extent with it, more especially as it would appear from what we now know that there is 
sufficient eyidence to show that European energy is more likely to meet with success in the 
Wyn4d. 

In 1865 or 1866 Mr. Stem (of Australian experience) paid a prospecting visit to Wynad 
and made trial of the alluvial deposits, of which there are several in the form of flat swampy 
land along the courses of the streams. He tried near Dayvdllah by sinking pits to ' bottom 
rock ' and always got gold, but not in sufficient quantity to make it worth while continuing 
his work. 

Within the last year or so attention was again called to the occurrence of gold in the 
Wyn&d. Some of the planters had lived in Australia previous to their cofiee experiences, 
and being more or less acquainted with quartz and its occasional associated minerals, they 
were naturally struck with the quartz in Wyn&d, while they also knew that gold was, and is, 
obtained by the natives. There was, however, a want of capital, and no one had seen gold 
in the quartz until Mr. "V^^thers, the present Manager of the Alpha Company, came down to 
Wynid. Mr. Withers, who knows how to wash for gold, and is acquainted with quartz 
reefing, prospected the country for a long time until he felt convinced that nothing was to 
be done at alluvial and surface washing. He then explored the old pits and workings of the 
Korumbars and finally settled on a quartz reef in which he found gold visible. This reef 
and the ground alongside had been extensively worked in old times by the Korumbars. In 
one of the numerous caves he found the remains of one of these native miners, and thus the 
lode came to be called the " Skull Beef." 

The Alpha Gold Company was then started, the prospectus of which states on the 
authority of " the Company's Manager and two of the Directors, who have had much experi- 
ence of quartz-reef mining in Australia," that the stone will yield about one ounce of gold 
to the ton of quartz. 

The most common mode of occurrence of gold in South-east Wyn&d is naturally in 
AUavial soaroes of gold, the Becent deposits, such as the surface soil on the hill-sides, the 
not rioh. stream sands and gravels, or the true alluvial flats (Yayals or 

Veils) which are so frequent a feature in this upland as to have given it the name of the 
" land of swamps" ; but in none of these trays does it seem that any large quantity of gold 
is stored up, except perhaps in the swamps which have as yet only been tried by Mr. Stem, 
when they were f oilnd to be aa poor as the rest of the land. 

The surface soils are generally very thin, and they are not extensive enough to justify 

From eorfluM soils *"^ ^"^® attempt at washing by hydraulic sluicing. Still they are 

perhaps the favorite resort of the Pannirs who can always from 
known patches of ground produce a certain small amount of gold. On four occasions these 
men worked for me at places around Dayvall&h, but they never got as much gold as would 
pay for their employment at five annas a day for each man. Occasionally, however, they 
chance on richer finds. The largest known fragment of gold found within the last few years 
in Wyn^ weighs over seven pennyweights, but it contains some quartz. It is of pale color, 
and is not much rolled ; in fact it has evidently not been washed far from the present reef. 
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and has thus not been subjected to that exposure and attrition which seem necessary foT the 
production of the finally purer metal usually obtained firom alluvial washings. In addition to 
this, a further small rolled fragment of good yellow gold without quartz, weighing nearly 11 
gruns, was lately found by the Pannirs of Dayvall4h ; and a larger one, weighing 21'9grain89 
is in the possession of Mr. H. Y. Ryan of Glenrook — Mr. Minohin and Mr. Ryan have each 
occasionally employed coolies on their estates to wash for gold, but they do not find that the 
quantity obtained is sufficient to encourage any further exploration. The latter gentleman 
has collected 8*1 dwts. of gold, amongst which is the small nugget just mentioned. Out of 
this, 160*9 grains had to be collected by amalgamation and there were 21*6 grains of dust. 
The gold generally found by the Paimirs is in very fine dust, or in small flat spangles only 
collectible from the black iron-sand, finally left with them, by amalgamation in the wooden 
washing dish or murrijfa ; but at times there are somewhat larger pepitas. This size of the 
gprains agrees with what I have seen of the precious metal in the matrix. 

The stream sands are next resorted to, but they are of no extent in this part of Wyn&d, 

_ _^_ . . as there are no large reaches, or hollows in the river beds in which 

From stream sands, so. ° , 

gold could be stored up, while, as I shall presently endeavour to 
show, there is not much likelihood of its being retained in them, even if it were washed down 
in any quantity. As it is, the usual small amount of gold is obtained here also by the 
washers. In both conditions of deposit, as surface soil, or as river sand, the men nearly 
always only scrape a few inches of stuff from the surface ; they do not dig down to bottom- 
rock, or to any bottom-layer of compact stuff answering to pipe-clay. 

It will thus be seen that a somewhat different mode of occurrence of the gold dust 
PoTerty of these aoooonted (not in pockets, or at the bottom of lighter and permeable 
'*^'* materials), and system of washing adopted (snr&ce scrapings 

only being sifted) exist in Wynfid from what is known in Australia and California. Much 
of this may be attributable to the heavy denuding force of the south-west monsoon; 
or, in other words, a very large proportion of the ore weathered out of the quartz veins and 
adjacent country rock is carried down during the rains to the low country of Malabar. At 
such times every stream in Wynad is a rushing torrent in which no sediment is allowed to 
rest until it reaches the slower-flowing, wider and deeper, rivers of the plains. As the mon- 
soon slackens, a littie new auriferous soil is allowed to remain on the cleaned hiU sides, and 
the old basins and reaches of the stream beds are again filled up with their usual accumula- 
tion of mud, sand, and gravel, and thus a small supply of gold is collected. There is no 
doubt that in the decreasing flow of water, gold dust and heavy iron sand must necessarily 
at many places settie down first in the hollows, but these are few and far between, irrespect- 
ive of their being difficult of access by the natives. At any rate such places are not known 
or searched to any extent in Wyn4d ; and it seems to me that the fact of the men preferring 
generally to wash stuff scraped from the surface of the coarsest gravel and sand banks (the 
very places where the drifting gold would be retarded by the rough bottom and then permit- 
ted to settie down among the stones) points directiy to the transporting power of the mon- 
soon streams. This is abo borne out by the habit which the men have of going at certain 
intervals to places known to them as having yielded gold on previous occasions, where they 
do not find the accumulations of centuries of denudation, but the gatherings up of only one 
or two seasons. 

In certain parts of Wyn&d, and more particularly around Sultan's Battery, or in the 
11 vial d its neighbourhood of Manantoddy, the valleys are filled in with exten- 

sive and thick alluvial deposits through which the streams almost 
immediately after they leave the steeper hill-sides« often pursue a long and devious course, 
or become lost for a time in deep and dangerous swamps. In Nambalycode and Moonad 
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these allavial flats are not so frequent, and they are small in extent. There are no traces 
anywhere of their having been searched for gold, except in so far as the patches of sarface 
soil alongside the streams, or on the edges of the flats, where auriferous soil could gather, 
may have been searched by the Pannirs. 

There can hardly be a doubt but that gold in some quantity must lie in these deposits, 
for when they were being laid down, even if the present rainfall existed, it is quite evident 
that the flow of water was sufliciently retarded, possibly by lakes which then occupied the 
places of the present flats, to allow of a great thickness of separate patches of the denuded 
material of Wyn&d being retained. It is, however, very questionable whether this amount 
^> .i A V J. J would be sufficient to repay the washing of such places, for they 

are throughout the year charged with water for the greater part 
of their depth, and they are largely made up of very unstable materials. The cost of exca- 
vation, puddling, and pumping engines necessary to keep large works free of water would be 
enormous. In addition to this, it is probable that work could only be carried on in the dry 
season, three months of which are unhealthy for both Europeans and outside natives, parti- 
cularly in these low-lying grounds. 

The places where gold washing has been carried on in the area under description are 
No trtOM of gold washing fi»qtieat in the Nambalycode and Moon&d Amshams ; but there is 
in northern Amshuns. qq^ j^q tradition of such work ever having been carried on outside 

of these, although in Mr. Sheffield's Beport of I83I mention is made of places, such as 
Choolyode, purporting to be in the neighbourhood of Sultan's Battery, where indeed there are 
Pannirs, though these men are not skilled in the use of the washing dish. This apparentiy 
unsearched condition of the northern part of the field, and the ignorance of the Pannirs as to 
the use of the murriya would seem to indicate that there should be no expectation of finding 
any gold dust in that part of the country were there not the view that there was possibly 
always sufficient occupation for these men in the well cultivated lands of these northern 
Amshams, while in the Nambalycode country, &c., they were driven by the land-owners to 
search for gold, the land not being so well adapted for agricultural work. 

The next source of Wyn&d gold is the matrix or the quartz veins, and to a slight extent 
The condiuons of gold in ^^^ ^^^^ traversed by these ; and here again the natives of 
the matrix. Malabar have been beforehand in mining operations though only 

in a very small way when the enormous extent of veinstone is taken into account. These 
Korumbars have worked the smaller and more easily broken up veins often to a depth of 
60 or 70 feet. The western slopes of many of the hills in the three Amshams already enume- 
rated are burrowed like rabbit warrens with pits, often only four or ^yq feet apart, and 
communicating by short galleries. Chulaymxdlay, one of the conspicuous headlands of the 
Western Ghftts near Day vall&h, was once extensively mined in this way. Lieutenant Nicholson 
thus describes what he saw in April 1831 : '' After cutting our way for several hours in the 
thickest part of the jungle on the mountains, we came upon the mine in question, consisting 
of three shafts about five feet each in diameter, and ten from each other, forming an 
equilateral triangle, the deepest of them extending to about seventy feet, since a stone 
dropped in took four and a half seconds to reach the bottom. We soon found that this mine 
was not the only one, for, having penetrated as far as we possibly could through the jungle 
towards the summit of the mountain, we discovered no less than tweniy-seven shafts all sunk 
in the same nuuiner and forming a chain of triangles as before described, the disposition of 
which with regard to each other led me to suppose that they have all subterraneous counter- 
shafts communicating with each other, and probably extending to a large main shaft which 
I trust may be discovered on the arrival of the pioneers." The same style of work is to be 
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seen near N&dg&ni Bungalow and westwards, towards Cbnlaymallay, near Nalliallam, and 
awaj on to Cheyrumbadi. In these places these men seem to have led water to the steeper 
hill slopes and got at the numerous small veins on the foot- walls of the larger reefs bj 
regularly sluicing down the hUl-Bide even to the extent of causing occasional landslips. In 
the Glenrock Estate the upper part of the great valley or ehurrum in which it is situated is 
all of fallen earth, and there are still evidences of large sluicings having been carried on, 
while the face of the ridge north of Hudiabettah is pierced all over with pits as in 
Chulaymullay. 

According to every information that is to be obtained, the whole of Wyn&d appears to 
Wynid ffenenlly a oonntry ^ traversed by quartz reefs, some of which appear in the low 
of quarta reeft country of Malabar, while others are traceable into the Ouchter- 

lony valley ; and even, it is said, on to the spurs of the Koondah mountains to the south. 
At present it is only known certainly that they are very strong and numerous in South- 
east Wyn&d. 

In the Nambalycode Amsham there are at least eighteen reefs, nine of whichf are 

auriferous ; and the immediate neighbourhood of all has been 
worked by the Eorumbars, or washed by the Pannirs, for gold. 
Most of these eighteen reefs are traceable northwards into the Moon&d Amsham. 

Still further westward, by Pandalur, Cheyrumb&di, and Cholidy to Yellaramulla, there 
are at least twenty-four more reefs, those in the neighbourhood of Pandalur having had 
their ' foot-walls' and ' leaders' very extensively worked in old times by the Korumbars. 
Those of Cheyrumb&di and Chol&dy have not yet been sufficiently examined ; bnt it may be 
here stated that one of the richest gold-washing regions (E[athaparaye) of the low oounhy 
could only have been supplied with its gold from the Chol&dy and Yellaramulla drainage 
basins. 

The gold obtained from the reefs is of a pale color ; that from the leaders and wash- 
Appearance of gold from i°g8 " generally yellow ; and that from the surface washings 
reefs and washings. nearly always of a good yellow color. The natives know this 

difference, preferring the ' mud gold' to the ' stone gold,' which last they designate also as 
* white gold.' 

Fragments of stone gold are found at times by the Pannirs in their washings of 
sur&ce soil ; but there is nothing known of pale gold dust having ever been got in the 
washings. 

..... ,^ In an assay made of some of the gold obtained by Lieutenant 

QnaUtj of aUuTlal gold. *,. , , • looi i.v r ii • u- • 

liicholson m 1831, the followmg result is given : — 

DaTT ALLAH. 

UdQ (X ••• ••• ••• ••• ••• ••• ••• Wl ow 

oilTer ••• ••• ••• ••• ••• ••• ••• ••* croo 

\jQiuu9m •■■ «!■ ••« ••• «•« ••• ••• tt* ^w 
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This was evidently gold obtained by the washers ; for Nicholson does not seem to have 
got any reef gold. 
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Two samples from auriferous sur&ce soil near Dayya114h haye been assayed by my 
colleague Mr. Tween, one of which, as will be seen, is yery near Nicholson's specimen, while 
the second is richer. 

Carats. C. grains. 
No. 1, Gold ... ... ... 03*00 = 22 1 Finenen. 

SilTer ... ... ... 7-00 = 

No. 2, Gold ... — ... 90*00 = 21 2} Finenew. 

SllTer ... ... ... 8*87 = 

Neither of these three assays comes up to the qui^ity of the dust obtained by Nicholson 
in 1831 from the Malabar low country, which yaried from 94*63 to 99*22 in the percentage 
of pure gold. 

When the matrix gold is analysed a yery different result is obtained showing a consider- 
able falling off in the fineness of the ore. There is also a much greater disparity between it 
and the alluyial gold than is usually displayed between the two kinds in Australia, or eyen 
in California ; though the percentage of pure gold in the Wyn&d ore is nearly the same as in 
that of the latter country. 

Mr. Tween has supplied me with the following assays : — , 

!• 2. • 3. 

Skull Beef. Monarch Mixed 

Beef. sample. 

Gold ... 67-07 Gold ... 82*60 Gold ... 86*86 

SUTer ... 32-99 Silrer ... 11*92 SilTer ... 10*96 

and these according to the scale of fineness make the ore of— 

Cants. C. grains. 

Skull Beef ... ... ... ... 16 3 Fin^ 

Monarch Reef ... ... ... ... 10 H „ 

Mixed sample ... ... ... ... 20 2{ „ 

An ounce troy of the mixed sample, taking the mint price of standard gold at £3-17-101, 
would be worth £3-13-6^, or about Bs. 36-12.2. 

The sample from the Skull Reef is remarkably poor, and if it be a fair ayerage (which 
I do not think it is, as I haye seen gold at times in the richest part of the lode haying a 
much better color than that of the amalgamated sample tried), it would reduce any calcula- 
tion as to the return of this reef by nearly one-third. The specimen from the Monarch Beef 
is only from one crushing of four pounds of stone ; and cannot be considered as so fair a 
sample of gold right across the lode which was the case with that taken from the Skull. The 
mixed sample is from amalgamated ore taken from six reefs ; and it may be taken as an 
ayerage for Wynlid gold as far as it has been yet tried. It is yery probable that the fineness 
of the gold in the different reefs will yary just as frequently as it is known to do in other 
auriferous countries. 

As is usual in most gold regions, the precious metal occurs here in the reefs or large 

^, ^ , ^ ,. lodes, in the leaders and spurs, and in the ' casing' or nondescript 

Mode of occurrence or gold. i i. . . i 

rock lining or casing these. 

The ore of the leaders and casing is mostly yisible, and is what is technically called 

, , ^ ^ „ . ' coarse gold ;' that is, it occurs as small segregations in the in- 

jn leaders and small Teins. « ^ • . « 

terstices of the quartz, or of the assembled cubical crystals of what 

is now limonite, or eyen in the interior of these cubes. It is also yery oflen yisible in the 

unaltered iron-pyrites which is not quite so frequently seen in the leaders as its pseudomorph 

limonite. A yery common mineral in the casing of some of the leaders is pyrolusite, in 

which also the gold is often yisible. The blue-black yariety of pyrolusite occurs also with 

the gold yisible at times. 
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It is this variety of ^Id which the Koramban evidently always sought for, principally 
from its splendid color ; then, because it is so easily seen and often obtained without the 
trouble of amalgamation ; and lastly, because it occurs in the casing and leaders or small veins 
of quartz, all of which were easily broken up in the extemporized mortar holes which are still 
to be seen cut in adjacent blocks of gneiss or quartz, or calciued prior to pounding. The old 
miners seem never to have broken up the big reefs, though they ' cayoted' or dug in among 
the ' riders' or masses of country rock and casing enclosed or contained in the interior of the 
reefs. 

The gold of the reefs or great lodes is generally ' fine gold,' or such as is disseminated 
. . ^ through the gangue in extremely fine particles quite invisible even 

with the magnifier. After the quartz is crushed and washed, 
this fine gold may be seen on the furrows of the rude wooden dish used by the Pannirs like 
little painted waves of color. At times, however, the gold is visible even in the white quartz 
in short streaks and little angular masses ; though it is more generally seen in the same form 
in the red and browo stained ferruginous and cellular quartz. 

The quartz reefs are, without exception, white colored on the outcrop or when they dbme 

. ^ to ' grass' ; so that it is utterly impossible to say from a surface 

Appeimioo of nwr b. • . 

inspection whether they shall be richly auriferous, or not. The 

Skull Beef of the Alpha Company which has as yet shown most gold is as white on the sur- 
face as any other of the reefs. 

All the reefs are badly defined at the outcrop : they just show a few feet over the ground 
and never stand up as marked walls cutting across country as some quartz reefs do in 
other parts of this Presidency. Occasionally, they show well on the eastern slopes of the 
grassy hills, as when their upper surfaces or ' backs ' just happen to form parts of these 
slopes. 

In such an undulating, or deeply denuded, country as the Wyn&d, it is difficult for an 

ordinary observer at first sight to make out the true direction of 
the great quartz-lodes, their dip or underlie being rather low ; but 
when followed out for long distances they are seen to have a prevailing north-north-west^ 
south-south-east strike or ' run ' across the country. At places tiiere may be a slight 
deviation from this ; and for short distances there are slight curves ; but, on the whole, this 
is the direction for South-east Wyn6d, and it is always across, not with, the stratification of the 
rock of the country. The dip is always to the eastward, generally at an angle of 26° to 90^ 
There is, however, a tendency in the ' underlie ' to be lower on the tops of some of the 
hills, and to increase in the valleys. For example, the Skull Beef at the present pUce of 
quarrying dips at 20° to 26° east-south-easl^ while on the top of a hill a short distance to the 
north, some 200 feet higher, it is 10° and nearly flat. The same feature shows in the 
Hamsluck Beef; and the Monarch Beef, at its lowest level, has a much higher dip than on 
the hills. 

The leaders and spurs, or side veins, strike off to the westward from the foot- 

walls, or undOTsides, of the big lodes. They dip and wave about 
in all directions, very often rather to the northward. 

The great ledges or reefs of quartz appear to vary much in thickness both in their 

length and depth, sometimes dying out, or at least becoming very 

Extent of weft. ^^^ ^^^ ^^^^ distances in their length ; and, as I am inclined to 

believe, even behaving thus in their depth. Some of the reefs are traceable with occasional 
breaks or thinnings-out for great distances. The Monarch Beef would seem to be traceable 
for about nine miles ; other reefs show their outcrops at intervab for two, four, or six miles. 
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It is much more difficult to saj anything as to their depth in the underlie. Very many show 
by their outcrop on the hills and valleys that they are 300 or 400 feet in depth. The Hudia- 
betta Beef, on the edge of the ghAis, gives indications of being 1,300 yards down its underlie ; 
while there is slight evidence that some of the reefs west of this show down in the low 
country. On the other hand, two large reefs, as they run south of the N&dg4ni-6udalur 
road, are not seen in the deep trenches, and it is difficult to say whether they are covered up 
or have actually thinned out. 

The thickest actual section is 15 feet in the quarries of the Skull Beef, though there 
must be greater thicknesses than this dose by. A good average thickness in most of the 
reefs may be taken as £rom 4 to 9 feet. The thickness of the leaders naturally varies 
very much. They appear to run generally up to 2 feet or so ; but there is one under the 
Dunbar Beef which is 6 to 8 feet in thickness. 

A very common feature in the outcrop of the big ' ledges ' is, that they show strong on 
the higher parts of the ridges and hillocks traversed by them, and thinner or not at all in 
the saddles. This at first sight points to a probable thinning out in depth ; but there is the 
vie^ that the higher ground is more open to denudation while the saddles would to some 
extent be covered up by debris of the country rock, and their slopes are not so steep as 
those of the ridges ; the outcrops, too, are deceptive, for they are often encumbered with big 
lumps of fallen quartz. Indeed, the masses of fallen quartz are in some places so large and 
so tumbled together down the western slopes of the grassy hills that they give the appearance 
of stone in ntu. 

The rock of the Wyn6d, or as it would be termed in mining regions the ' country rock,' 

is gneiss, belonging to the oldest known series in India, termed 
Bock of the conntiy. variously the CryatalUne, Oneisnc, or the Metamarphie teries ; 

Qnein. and is of very variable constitution in different parts of the coun- 

try. Ordinarily, there is a massive foliated quartzo-felspathic, or 
quartzo-homblendic variety, with intercalations of micaceous and talcose schists; but all 
these are, except in the hill ridges, generally weathered or decomposed into a more or less 
tough clayey rock, granular and friable with the undecomposed quartz, dark red and brown 
from the homblendic and chloritic constituents, or white, pale colored, and cheesy, or soapy 
from the felspathic, micaceous, and talcose ingredients of the original rock. There ia a large 
quantity of ferruginous matter distributed through the gneiss in the form of minute granules 
or crystals of magnetic iron ; and in one particular band in the Marpanmddi ridge, as 
laminffi of gray hsematite. Hence the red and brown colors of much of the decomposed 
rock; and also its occasional lateritoid character: while at every working of the surface 
soils or the river sands by the Pannirs there is the unfailing accompaniment of black 
iron sand. 

The strike of the foliation, or indeed of the lamination and the bedding of the gneiss, 
is usually east-north-east, west-south-west, the dip being mostly at high angles to the south- 
ward ; except in the Yellaramulla and Sultan's Battery country, when a west-north-west, 
east-south-east foliation is prevalent with some folding, and even reduplication of the beds. 

In South-east Wyn&d four belts of gneiss are recognizable. Along and south of the 
, ^ . . . N&dg&ni-Gudaltir high road there is the northern edge of the 

highly syenitoid and quartzose gneiss of the Ouchterlony valley 
and the Nilgiris. North of this and striking about east-north-east, west-south-west, is a 
highly felspathic band with two minor belts of chloritic gneiss. In this, the Dayv&llah zone, 
there is very little true massive rock until — still going north^the conspicuous and pic- 
turesque serrated and lofty ridge of Marpanmudi and the Needle Bock is reached. Here 
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a very hard and thick band of highly quartzose and feiroginons gneiss is met with, in which 
the run of the strata is rather tortuous ; while there are indications of a synclinal roll in 
the great wall of rook cf owning the ridge above old DayT4llah and in the Needle Bock. 
In the depression north of the Marpanmudi range there is a wide belt of much more varied 
gnebses, which, on the whole, are not so felspathic as the Dayvdllah band, nor so quartzose 
and homblendic as that of the Ouchterlony valley. This zone is traversable to beyond the 
Cheyrumb&di hill station, when a further curved belt of gneiss with more schistose bands 
comes in as in the Yythery Chol&dy and Sultan's Battery country. 

In the country just mentioned there are two large hill masses of granitic rock ; namely 
T « 'of Rnnlti k Yeddakulmullay n^ar Sultan's Battery and Mumramulla or Cul- 

petta hill nearer to Yythery. These are, as it were, great rocky 
cores around and over which the foliated gneisses were laid down, the great arches or undu- 
lations of which are now evidenced by the westerly *dip and subsequent synclinal displayed 
in the Chambra, Tellambalari, and Panora peaks and the rest of the Yellaramulla range, the 
easterly dip of strata on the Sultan's Battery and Manantoddy side of the country ; and the 
narrow strip of folded beds in the wall like crests of the Marpanmudi ridge near Dayvalla, 
south of which there is the generally southern dip of the Ouchterlony valley strata. The 
rock of Culpetta hill is a very rough weathering, pale flesh-colored, rather coarsely crystallized 
compound of quartz, felspar, and silvery mica, showing no trace of foliation. It wears away 
into huge rounded masses of still harder rock, giving the hill rather a resemblance to those of 
the Mysore country in which the gneiss is often highly granitoid. Yeddakulmullay is made 
up of a much finer textured rock of quartz and felspar, and minute particles of black and 
greenish mica, which when weathered looks very like a coarse buff sandstone. On the 
western flanks of the mass, the rock is rather laminated or foliated. With both these cores 
of granite there is a decrease in the number and thickness of the quartz veins ; but these 
appear again quite strongly to the northwards crossing the Sultan's Battery— Culpetta road. 

Otherwise, the country is remarkable for the non-occurrence of any strictly intrusive rocks 
Hardly asj intnuiye rocks except in a very small way. There is a dyke of hard, compact dark- 
in 8oath-eut Wynid. green diorite seen for a very short distance in the Hamsluck 

estate to the west of Dayv411ah. The width of this dyke is about 35 feet ; and it is strik- 
ing east by north, west by south, nearly vertical. It cuts off the northern end of Hamsluck 
Beef. A few small largely crystallized gpranite veins occur here and there over the Dayv411ah 
band of felspathic gneiss, as near the dyke just mentioned and around Gtidaldr. Lai^ 
flakes of mica from these are common on the N&dg&ni-Gudaldr road. 

In connexion with this rare occurrence of granite veins it may be noticed that the 

quartz reefs of Cheyrumbadi are in some cases charged with 
Qaarts roofs become ffnuiltic. ^ i..i»rko«i»3. 

assemblages of large plates of mica of 2 to 3 mches m diameter ; 

and there thus seems to be a tendency in the western veins to become granitic rather than 

simple quartz lodes. Likewise from Cheyrumbadi the quartz of the reefs is becoming 

rather granular and saccharoid. 

SufiBcient data have not yet been gathered to be able to write with any oonfidence as to 

« ^ X, , A__ ». how the quartz reefs may have been affected by the different belts 

YariAtion In country rock .^. ,.,, , .xjin«ia 

does not affect reeft or their of gneiss in which they were deposited. The ledges certainly 

contenta much. ^^^ ^ ^^^^ stronger in the Dayv411ah belt. They nip out very 

thin, and even disappear in the hard Marpanmiidi range ; but they come to grass again 
to the north of this. There are. perhaps not so many reefs to the north of the Marpanmtidi 
range as to the south of it. The occurrence of gold in the leaders does not seem to have 
been affected one way or other on either side of this ridge, for the old Korumbar works are 
as frequent about Nellialum and Pandalur as on the Dayv&llah side. 
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The quartz reefs which have been traced out, or are sufficiently marked, are as follows, 

oommeneing from the Gddalnr side of the country, where and 
eastward of which there do not appear to be any ledges, auri- 
ferous or otherwise, for some miles at least : — 



Enamention of quarts reefii. 



Nune of BeeC 


Character. 


Ayera^ propor- 
tion of gola. 


Lowest proportions. 


Highest 
proportion* 


1. Eastern 


Worked on foot-wall ... 


• 

... 



• « t 


• •• 


.«• 


t. Palismpara 


Ditto 




■ • • 


fl «• 


•.■ 


ua Doar ,,m ••• ••• 








• •• 


... 


i. N4dgiai 


Worked on foot-wall ... 




• •• 


• •• 


tM 


6. Monarcli 


Auriferous ' 




i dwt... 


8 dwt.... 


W. 10 dwt 


e. Hamlin ' ... 


Worked on foot-wall ... 




... 


• •• 


..* 


7. Un-named 


Ditto 




••• 


• •• 


t«t 


8. Korombar 


Auriferous 


4 dwt. to ton 


|dwt... 


71 dwt.... 


180 dwt 


9. Un-named 


Worked on foot-wall ... 




• • • 


■ ■• 


•e« 


10. Cavern 


Auriferous 




t«* 


• •• 


• ■• 


11. Skull 


Ditto ... 


U dwt to ton 


8 dwt... 


86 dwt.... 


• •fl 


IS. Hamsluck 


Ditto ... 


8 dwt. to ton 


1 dwt... 


7 dwt... 


• «• 


18. Hameluok, middle 


Ditto ... 


10 dwt to ton 


8 dwt.... 


18 dwt.... 


• • • 


U. Hamdade Waterftdl 


' Ditto ... 


11 dwt to ton 


3 dwt.... 


10 dwt.... 


eodwt 


1& Balcarras 


Ditto ... 


3 dwt to ton 


i dwt.... 


tee 


« ■ • 


16. Pnntaloor 


Worked on foot-wall ... 




• » t 


• ■ • 


■•• 


17. Hadiabettah 


1 Auriferous 


... ... 


... 


• •■ 


••• 


18. Qlenrock 


; Worked on foot-wall ... 




• •• 


• » V 


■ •• 



By * auriferous on the foot wall,' it is to be understood that the foot-wall of the reef and 
the side« veins therefrom have been dug at by the Eorumbars, and that they are reported by 
the natives to have g^ven gold. In these cases, I think tradition may be believed to a 
large extent. 

The Monarch Betfis, as stated above, traceable for about nine miles from the western side 
DetaUs of aurif reeb ^^ *^® bridge below the N4dg&ni Bungalow, across the Dayv&llah 

road (about a quarter of a mile east of the toll bar), up the 
long grassy ridge to the summit of a lofly cross-ridge overlooking old Dayv411ah; and 
on to the wide gap in the Marpanmudi range, down through the Dingley Dell Estate, and 
on past Koontalaudy towards the QMaliir — Sultan's Battery road. At its southern end a 
drive was put through this reef, where it was found to be 4 feet thick ; but I am inclined 
to think that this is only part of the reef, a ' rider' or large enclosed piece of the country 
rock having been met with. The varied results given in the table from this reef are 
accounted for in this way : At first, color of gold was got in the samples taken from the 
drive sufficient to warrant the expectation of about 2 dwts. of gold to the ton of quartz. 
Subsequently, a fragment of stone from the surface, weighing 3 lbs., was crushed and 
2*3 grains of gold obtaiued, which is in the proportion of 69*19 pennyweights to the ton. 
Stone, in fragments of which gold was clearly visible, was then taken from the same place 
and 360 lbs. of it subjected to rough crushing in a stamper belonging to Mr. J. W. Minchin, 
and passed over a large blanket cradle, but the outturn was extremely disappointing, as only 
about 3 grains of gold were got, and yet more than this had been seen before the stone 
was pounded up. It was soon found, however, from subsequent experiments, that the gold 
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mufit have been lost in the stamping box which was merely a planked stractiure round the 
stamp-head , and as no more trials could then be made on this reef, an average result has 
not been entered in the table. 

The quartz of the Monarch Heef is generally a milky- white coarse-textured rather glassy- 
lustred compact rock. At times i1> is stained brown or red along the fractures, and shows 
thin sheets and seams of brown iron rust. Flakes of bright golden colored mica are 
frequent; and there are rare seams of greenish taJc and chlorite. White iron-pyrites 
occurs at rare intervals. The quartz is rudely laminated with the lie of the reef^ and spurs 
of talcose schist are frequently running into the body of the lode. The casing is partly of 
talcose schist, with frequent lamins of pyrolusite. This description applies to so much as 
is exposed in the drive or cross-cut. 

The foot wall and leaders of this great reef have been extensively worked on the slope 
of the ridge overlooking the old Dayv&Uah valley in Mr. Hughes' clearing, and in the 
valley itself. 

Korumhar Rerf and others, — Between the Hamlin and Skull Beef, there are at least 
five lodes, but they are only traceable at intervals to the district road. One, called after the 
native miners who pointed it out, gave another set of curious returns, which will illustrate 
the faulty condition of the extemporized crushing apparatus with which work had to be done. 

• 

Seven pounds of stone from the Eorumbar Beef were hand-pounded and gave 12*40 grains 
of good yellow gold ; and a further crushing of the tailings of white iron-pyrites, of which 
there was a large quantity, added '40 gruns to this ; being in the proportion of 8 oz. 10 dwt. 
16 grains to the ton. One hundred and sixty pounds of this stone were then pounded, and 
all but 10 lbs. crushed and passed over the cradle, when gold at the rate of half a penny- 
weight to the ton was got. But from the 10 lbs. remaining which was hand-crushed there 
was gold at the rate of 7^ dwts. to the ton. In the meantime, another sample of 4 lbs. of 
stone was brought in from a new reef (Hamslade Waterfall) which gave 7 grains of gold, 
I then went to this reef with the men and quarried out about 70 lbs. of stone which was 
divided for separate trial by wet crushing and by hand work, when the following outturn 
appeared : — 

30 lbs. hand work ^ ... . . ., 63 grains of gold. 

40 lbs. wet crushing ... .^ ... 1*3 „ of „ 

The latter sample showed more gold than this in the uncrushed stone. Even if the wet- 
crushed result be true, the proportion for this reef is 10*19 pennyweights. It was evident, 
however, that gold had been lost in the stamping box ; had indeed possibly never left it, for 
the bed plate (fixed) could not be completely boxed in. 

The outcrops of these reefs are very short for any continuous disftince, but there can be 
litUe doubt that they wiU be found continuing northwards nearly up to the Marpanmtidi 
ridge ; and some of them show down in the Nadgani estate in the Carcoor cherrum. They 
are thin, about 3 to 4 feet on the edge of the cherrunif and look at other points as though 
they kept to this. Their appearance is very favorable, being more or less colored with oxide 
of iron, laminated, and full of white iron-pyrites ; and they show gold at times ; in fact, they 
are just as promising-looking except in the matter of size as the reef to be noticed next. 

The Skull JReef, — The outcrop of this lode is traceable nearly continuously for 
about seven furlongs, but it is in all probability connected with other outcrops of quartz to 
a complete length of at least four miles. Only a small part of the southern end of this reef 
has been taken up by the Alpha Company. At the southern end it commences on the edge 
of the Western Ghftts, a little more than a mile and a half due west of the N&dg4ni Bungalow, 
on the rounded gprassy knolls of this part of the Dayv&llah countiy. Thence it runs up to 
the top of a high hill overlooking Dayvallah and down to the road a short distance east of 
the bazar. Strong leaders from its foot-wall cross the road nearer the village and run 
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tbrough the wooded hillock on which the old fort is situated. Its next appearance is in a 
high ridge on which the Boman Catholic Chapel is built, and again in the Harewood and 
Kintail Estate east of Hr. Hamlin's bungalow. Beyond the cross range of Marpanmddi, 
it again shows in the bottom of the Strathem Estate : and still further northward in the 
Nallialum country. 

The direction of the vein is, as usual with these south-east Wyn4d lodes, mz,, north- 
north-west, south-south-east, with a dip or underlie varying from 10** to 25** east-south-east. 
On the top of the hill overlooking DayviUah the angle is low, in fact becoming flat, but it 
increases as the reef descends, being at the quarries about 20^ to 26^. At the place of 
quarrying there is a large irregular surface of the vein exposed on the eastern slope of a 
grassy spur of the hills. This is full of caverns excavated by the old native miners who 
evidently scraped and dug at every bit of casing, enclosed country rock, and the leaders* 
The Manager of the Alpha Company is at present quarrying in at this exposed surface, and 
preparing stone in readiness for the crushing machinery which is to arrive in a few months 
from Australia. At the quarry the reef is about 15 feet thick, of rudely laminated quartz ; 
laminations with the dip and strike. The back or upper surface of the lode is of coarse 
white quartz. From this, as was seen by a cross-cut through the reef, the rock becomes more 
and more ferruginous and stained of dark brown, black, and reddish colors, cellular or mouse- 
eaten, and charged at times with white iron pyrites much of which is decomposed, sulphate 
of iron and even traces of sulphur being left behind. At about 12 feet the quartz is more 
highly colored, very ferruginous, very cavernous, and gold is often visible in minute strings 
and masses. The quantity of rock worked out has not been sufficient to show whether 
there is any definite ' gold streak ' in this lode. 

Through the kindness of the Directors of this Company and their Manager, Mr. Withers, 
I have been supplied with a fair set of specimens from this cross-cut, which have been 
crushed, washed, and amalgamated in a rough manner. Very good color of gold was got 
in nearly every dish of pounded stone ; but the results from amalgamation were very poor 
at first. The enormous quantity of iron pyrites associated with the gold came in the way 
of amalgamation, causing the mercuiy to granulate and become coated with the iron, 
sulphide ; in fact * flouing ' (Australian term) set in. 

I have not been able, owing to the difficulties in the way of crushing, failure of some 
experiments, and a want of time, to obtain a complete series of specimens and results from 
one cross-cut in this reef, much less from different parts of the lode, which would, of course, 
be the fairest way of testing the quartz, but such as have been got are now given — 



Spedinen 
of quartz. 


Weight 


^ Appearance, color» fto. 


Results. 


Depth in cross- 
cut fW>m 
•back' of 
reef, 


1 
2 
3 

4 

• 

6 
6 

7 


20 lbs. 
28 lbs. 

30 lbs. 

18 lbs. 
18 lbs. 

18 lbs. 


Compact, coarse texture, laminated; white color 
Still white in color, but stained with ferraginona matter 
Whitish, more discolored with iron 
Dittos ditto ditto 

Still white, but ferruginous 

Highly colored, red and brown, ferruginous, cellular, 
with white iron pyrites. Gold Tisible... 

Ditto ditto ditto washed and amalga- 
mated in my presence by Mr. Withers. Gold not 

VlBlDXv ••• ••• ••• ••• 


2 dwta. to ton 

2'6dwtB.toton 

None. 

GAod color In 
dish: lost in 
amalgamation. 

6'18dwt8.toton 
19-41 dwts. to ton 

26-92 dwts. to ton 


Ist foot 
3rd Ibot 
6th foot 
7th foot 

10th foot 
12th foot 

13th foot 
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For this cross-cut there is therefore an average result of 11 dwts. to the ton. At this 
point the richest part of the reef is a band of the laminated quartz about two feet thick 
within a couple of feet of the footwall or underside of the reef. The average of this rich 
band is 22*68 dwts. 

Mr. Withers informs us that he has got almost as good results out of a shaft and cross 
tunnel which he made at the southern end of the outcrop, but that the reef is there narrower, 
about 9 feet in thickness. 

Hdmsluek Betf. — About half a mile west of the high hill-outcrop of the Alpha Com- 
pany's Beef overlooking Dayvdllah village there is another strong lode cropping up in 
Mr. J. W. Minchin's estate of Hamsluck. The lowest part of this reef, or what is seen in the 
bottom of the valley at its foot, is about three furlongs in length ; and from this as base the 
reef slopes up the eastern side of a hill about 300 feet high. The strike of the reef is about 
the same as in others : the dip being about 20^ to the eastward, though it is at a much 
lower angle on the summit of the hill. The known thickness of this reef is from 4 to 8 feet. 
The lode is cut off to the north by the dyke of green stone already noticed. It is traceable 
southwards into the ChulUymullay mountain, and probably runs under the northern end of 
Perseverance Estate. The eastern slope of the ChullaymuUav alongside the latter estate has 
been perfectly riddled by the pits and excavations of the old miners who evidently worked 
at the side veins on the underside of the lode. Small samples of quartz were crushed, and 
gold was always got showing dear in every dishful of stuff; but the result was small owing 
most probably to the presence of a great quantity of iron sulphide. Subsequent crushings 
gave the proportions shewn in the table. 

Dunbar and Balcarras Berfa, — ^About two miles further west, but on the northern 
side of the deep trench leading to the low country by Carambat, there is a good outcrop of a 
reef about 4 feet thick in the Dunbar Estate. Mr. Powell, the Superintendent of this garden, 
when down showing me the reef, was successful in knocking out pieces of quartz in which 
small streaks of gold were visible. The underside of this lode is very like in color and 
contents to that of the Alpha Company, the richer seam in the quartz being on this side. 
Leaders are numerous and large. The casing is of talcose schist, and seamed with ferru- 
ginoiu and manganese streaks. 

The lode is traceable northwards into the Balcarras Estate, where there is a great show 
of white quartz on the eastern slope o£l one of the low hills. This part of the reef has been 
very extensively riddled by the old miners. In fact, all its extension northwards towards 
Pandaldrhas been washed, and its immediate neisrhbourhood on the underside is still a 
favorite locality for washing durine the rainy season. It runs though the Elizabeth and 
Sandhurst Estates, and dose alongside the Caroline and Mr. Holmes' application, and thence 
northwards. 

My observations so far appear to show that quartz-crushing should be a success, in the 

Nambaly-code Amsham at any rate. Here, there are eighteen reefis 
Priwpoctfl of WynW up to ^^Jiich are more or less auriferous in themselves, or as to their 

leaders. The leaders and underside of these are all known, or 
reported, to be auriferous with coarse gold ; and it is probable that the great reason they 
are not worked now is that the pits necessary to be dug by the Eorumbars would be too 
deep for their style of work, water being the great obstacle likely to be met with. The 
big reefs were not worked by these men on account of the difficulty of breaking up the 
stone, and because the gold is distributed too finely through it to have paid hand labor. 
With machinery and modem appliances, the reefs should pay even if only 3 dwts. of gold 
are got always from the ton of quartz. 
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The avenge proportion of gold for fifteen trials on different reefe is at the rate of sevea 
pennyweights to the ton ; and it is almost certain, that many of these would have given 
a better oattam, could more perfect crushing apparatus have been used at the time. 

The fineness or touch of the ore is inferior to that of Australia, but it compares favor- 
ably with Oalifornian reef gold. The percentage of 86-8'6 is given above as a fair average, 
for on looking at the differences between alluvial and matrix gold in other regions, it is 
found that they agree very closely with the difference between this sample and the alluvial 
ore of the upland ; while the assays of the Skull reef, and the upland and low country 
washings do not exhibit any gradation consistent with the amount of exposure to which the 
two alluvial golds must have been subjected. 

ft 

In Australia these ratios are as follows : — 

« « • Percentage of 

«• «•»• puiegSd. 

Alluvial gold 23 1| 97-600 

Matrix gold 22 0) d2'875 



Difference ... 1 0| 4'625 

Oalifornian tables give about the same difference, but the fineness of the gold is much 
lower, viz., 21 c. eg. or 88'00. 

The Wyn&d experiments give — 

Percentajre of 
* ^'^' pore gold. 

Alluvial ... 21 31 ... ... 91*95 

Matrix 20 2^ 86*86 



Difference ... 1 H ••. -^ 609 

This close approach of differences for the three countries implies also that a richer gold 
than this is not to be expected from the reefs ; though it must not be forgotten, as already 
stated, that the ore from the small veins and leaders is evidently superior. 

The reefs are easily got at, the gneiss traversed by them being often wonderfully decom- 
posed almost to any reasonable depth. For a long time there may be no necessity for deep 
sinking, as a large quantity of stone is held in the many rounded hills so common over the 
country, and thus little trouble is to be anticipated in getting rid of water in the mines 
when drives can always be made at low levels. The very prevalent idea that the gangue 
must necessarily be richer the deeper it is searched, will doubtless be brought to bear on any 
mining which may be carried out ; but the safer plan in a preliminary opening up of a 
country like this will oe to work at what will pay, rather than venture to mine ground 
requiring expensive pumping apparatus, in which there is — after all that has been written 
on the subject — no absolute knowledge that there must be more gold. It is worthy 
of notice that the present surface of Wynad has probably only been exposed after a slow 
wearing away of over 2,000 feet of superincumbent gneiss which was once continuous 
between the Nilgiri mountains and the Yellaramulla range, in which also these quartz veins 
may have been continued in their upward hade to the westward ; and supposing that reefs 
become richer in depth, then the richness now got of 7 pennyweights, by denudation of 
2,000 feet, is not any great increase on whatever may have been the state of things at the 
then higher outcrop ; while, if the same ratio of increase is to be counted on, any further 
considerable increment of gold can only be expected at a greater depth than is likely to be 
reached on the plateau. A reasonable view is that the occurrence of rich streaks of gold 
will be exceedingly variable ; while the prevalence of very fine gpld dust in Malabar indi- 
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cates that fine gold u perhaps most evenly distributed through the matrixi and therefore 
that beyond the first fifty feet, to which depth weathering may be sapposed to extend, the 
return shall be tolerably constant. 

The working of the mines may possibly not be as cheaply done as the present rate 
of wages in Wyn4d would lead one to expect. The coolies employed on the coffee estates get 
from 4 to 5 annas a day per man ; but there is a decided scarcity of labor, and thus a higher 
rate must follow if the quartz reefs are to be worked. A further addition will be in the 
employment of a small number of skilled European or Australian workmen in the handling 
of machinery, and in directing the getting out of the largest quantity of stone, and timbering 
up. Still, with these additions, the labor in Wynad may be expected to be always cheaper 
than in other gold countries. 

Great facilities towards the crushing of the stone are presented in the way of water- 
power, which might in some cases be obtained direct from perennial streams with sufficient 
fall for any ordinary wheel ; or it might in most other instances be led or stored up without 
much difficulty or expense. The stampers, &c., of the Alpha Mining Company are to be 
driyen by steam ; but there would haye been no difficulty in applying water-power at the site 
of their works. 

Having then the presumable average proportion of gold in the stone, the value of the 
gold obtained so far, and the quality of the labor to be employed in getting it out, an 
estimate can be made of the possible paying capabilities of the Wyn&d reefs from the statistics 
of the cost of extracting gold in Australia, where the labor is manifestly much more costly 
than it can be in Wyn&d. 

In Mr. Brough Smyth's "Gold Fields and Mineral Districts of Victoria" the following 
returns are g^ven of the cost of complete extraction of the ore from a ton of stone : — 

£ s. d. 
BaUaarat District ... ... ... ... 8 8^ 



Clunes 

Bright 

Wood's Point 

Sandhurst 

Maryborough 

Castlemaine 

Maldon 



10 3 

4 4 

11 6 

11 8 

19 8 

11 6i 

2 1 8i 



Some of these rates are very high and paid on stone got from a good depth in places 
ill-situated as to supplies of wood and water, so that the average of 17«. 4^. is far beyond 
any expected estimate of this kind in Wyn&d. 

The value of Wyn&d reef gold, when compared with the mint standard of £3 17«. lOld. 
is about Bs. 36-12-2 per ounce, troy, which is, of course, somewhat lower than the mercantile 
rate. Seven pennyweights, or the outturn of 1 ton of stone, would then be worth Bs. 12-13-10, 
which would leave a balance of Bs. 4-2-8 on every ton crushed, even if the high Australian 
rate were ever attained. 

The country must now be tried cautiously, while better or worse results may in the mean- 
while be obtained from experiments which are being carried out, even before the arrival of 
the machinery of the pioneer Company now waiting to venture in the field. There is no 
promise like that of the Australian or American gold-fields ; no great nuggets have been 
found ; the washings have always been poor, though there is a small supply of gold swept 
down the hill sides every year from the wear and tear of the quartz ledges, and the areas 
over which they can be applied are very small ; and the gold which has been seen in the 
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reefs is only in minute strings and grains. The ground can only be worked out by capital, 
the most perfect machinery, and skilled hands to guide the cheaper labor of the country in 
getting out the stone in the safest and readiest manner. And naturally, where the percent- 
age of gold in the quartz is as yet so small, everything will depend on getting out a suiScient 
tonnage of stone in a given time. 

Until more is known of the gold-producing powers of the Wynid, no better guidance 
can be given than the following by Mr. A. R. C. Selwyn, Director General, Geological Survey 
of Canada :* " It should not be foi^tten that the most favorable indications are not always 
reliable, and the sanguine prognostications they so frequently give rise to are not borne 
out by the result of actual working ; wherefore I should, even under the most favorable 
circumstances, not advise any one to invest in such enterprises to an amount beyond what 
he can afford to lose without serious embarrassment." 

Hitherto the land in Wyn4d has been principally parcelled out in coffee gardens, either 
Land tenure In Wrnld free-hold, or paying an annual rent to the B^jahs who hold a great 

quantity of the ground, or direct to Government. At the same 
time, after a certain period, a revenue is derived from all the gardens by the Government, 
whether it be Bajah's land, or not. Now that gold mining is likely to become an industry, 
a new set of land interests are being developed. The Bajahs, of course, retain their right to 
all minerals and can sell these as they like. The Government of Madras has not yet, I 
believe, decided as to how they are to act in the matter, except that applications for land for 
gold-mining and for agricultural purposes on which quartz reefs are supposed to exist, are 
being reserved for consideration until the question of mining interest is settled. 

In the meantime the Bajah of Nellambor has (according to their prospectus) leased a 
block of 15 acres of land near Dayv611ah to the projectors of the Alpha Gold Company for 
twelve years at an annual rent of Bs. 225. Since then it is reported that the Rajah in recent 
applications demands 10 per cent, on the out-turn of any gold-mining which may be carried 
on ; and it is very probable he may change this rate. Nearly all the land in the Nambaly- 
code Amsham is owned by the Rajah of Nellambor. Equally, as with the revenue derived 
from estates on Rajah's lands, it may be found advisable that the gold from these reefs should 
pay a royalty to Government. 

In conclusion, I have to tender my thanks to all the planters whom I have yet met in 
Wynid for their great kindness and hospitality, and for their assistance in every way. Also 
for the readiness displayed by the Directors and the Manager of the Alpha Gold Company in 
allowing me to examine their quarry and giving me such specimens as were required. To 
Mr. J. W. Minchin of Dayv411ah the greatest debt is due for having allowed all the speci- 
mens to be crushed at his extemporized stamper and subsequently manipulated by his 
Fannirs and Korumbars. 



* Notei and Obflerv»tionf on the Gold Fields of Quebec and Xora Scotia 



46 Hecords of the Geological Survey of India. [vol. viii, 

Gbolooical Notes on thb Ehabbsait hills in thb Uffbb Punjab, 
A. B. Wynnb, F.G.8., Geological Survey of India. 



The Ehareean* bills are perhaps better known, to the natiyes of the country at least, 
by the name of Fubbi, which seeibs to have an application to their low but broken forms. 
They are situated in the Upper Punjab, seven or ei|;ht miles southward of the river Jhilam, 
and station of the same name, forming the southern of the three miner chains which link, as 
it were, but without absolute continuity, the salt range to the Western Himalayan mountains. 

These PubU hills extend frolh near the battle-field of OhlHanwala, and closer to the 
banks of the Jhilam, in an east-north-easterly direction for about twenty-eight miles in the 
direction of Bhimber (in Eashmere territory), bat sink into a sandy nallah about four miles 
short of that town. They form throughout a low rugged chain, cut into by numerous 
ravines, having a general width of three or four miles, and a summit elevation of some 4 to 
600 feet above the plains of the Jhilam and the more extensive ones of the 6oojr&t district. 

Their culminating point is towards the western end of the range, and their declination 
eastwards is very gradual. In the latter direction they are crossed by the grand trunk road 
from Calcutta to Peshawur and by the Northern State Railway in progress of construction. 

The aspect of the hills is monotonously arid, barren and rugged, presenting everywhere 
steep or precipitous descents into dry sandy nullahs. Towards the eastward, the ' Pubbis ' 
are further apart* and scattered cultivated patches occur between the hills, which are separated 
by that peculiar labyrinth of ravines known in this country and the Pot' war as * khvddera*^ 

The hills are composed of an enormous accumulation of sandstones, sands, conglomerates 
and clays belonging to the upper part of the tertiary rocks of the Northern Punjab. 

From their position it was thought probable that here the Sivalik sub-division of these 
rocks might be developed, and their relations to the underlying beds discovered if the same 
marked unconformity, as occurs in other places, existed. On examination no trace of uncon- 
formity within these hills has been found, and though the soft and friable^ nature of most of 
the strata would answer well enough for the description of Sivalik rocks in other regions, 
their whole character suggests their identity with the uppermost deposits of the Pot'war to 
the north, similar clays and sandstones there having been always found to pass regularly 
downwards into the lower and older portion of the series, so far as has been gathered from 
observations hitherto made. 

The arrangement of the Pubbf rocks is simple ; they form a distinct anticlinal, the axis 
of which coincides with the higher parts of the range, a downward inclination of this at 
either end bringing at least a portion of the beds round to form the opposite sides of the 
hills. With the general form described there are many undulations of the rocks in bold 

* The word is pronoaaced by the natiTeB Kh&ree-iD, and the famoos battle-fleld of Chflfanwola they speak of 
as Cbelianmojeearrl. 

t As characteristici of these PabbI hills it may be mentioned that the chief obstacles to pedestriui progress, 
besides the innomenble khads and ravines, are the difficulty of obtaining foothold on steeply sloping clay surfaces 
covered with small pebbles, sandstone fragments or nodules of knnkur which slide under the feet, the insecure 
nature of vertically weathered parts of the soft sandstones and days, and the trying strain in the dry sandy beds 
of nalahs. 

A striking feature of the ground is the contrast between its dryness and the abundant evidence of abrasion 
by water. 

Although now so dry and barren, these hills were once populous and even thickly inhabited, as is evident f^om 
the very numerous large village ruins scattered over them, and the size of some of the sraveyards belonging to these 
villages,— fast yielding to the atmospheric erosion which frequently exposes the graves, showing that the potsherds 
left by the inhabitants were more lasting than their bon^. 

Other relics of a perhaps still older period are brick blocks of Urge size, though the buildings formed of these 
have all but disappeared. 
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confluent cnrves ; they Bometimes assume horizontal positions, sometimes dip steeply into the 
plains, but never present any high opposing dips to the general anticlinal conformation. The 
highest point of longitudinal curvature of the axis upwards coincides with the summit of 
the hills at Koar Great Trigonometrical Station, east-south-east of the village of that name 
and some eight miles westward of the tinink road. From this point the beds both slope to 
the ends of the range and curve downwards upon its sides. Here, therefore, in the bottom of 
the ravines the oldest rocks of the exposure ought to occur. 

These are drab-brown and slightly pink or purplish red clays alternating with zones of 
coarse friable gray or greenish speckled sandstone formed of comminuted waste of granitic 
or crystalline rocks, grains of quartz, felspar, hornblende (or such a mineral) and spangles 
of mica. Layers and runs or scattered pebbles of hard crystiJline rocks are not uncommon, 
increasing in quantity as the section ascends, with a predominance of white quartzite frag- 
ments well worn, until on the flanks of the hills these pebbles of larger size and in greater 
numbers, including a few of hill-nummulitic limestones in many places thickly sheet the 
ground, pointing to the local destruction of loose conglomeratic pebble beds, which, from 
their friable nature, are seldom found in ntu. The various and repeatedly alternating zones 
of clays and sandstones are often thick, ranging from 6 to 30 feet or upwards. In eastern 
parts of the range the days are more developed, deep khuds often showing little else than 
zones of thick purple clay, each band purple below and of a bright ferruginous yellow above, 
while the intercalated sandstone bands are by no means prominent, save where they form 
caps to the hills or hard ledges defining the outlines of the ground in a widely extended and 
multitudinous series of scarped ouVcrops. 

Through the whole of the sandstones, but rarely (if ever) in the clays, teeth and frag- 
ments of large bones are thinly scattered. The beds may be searched for long distances 
without finding anything more than an obscure fragment broken before becoming embedded, yet 
in the debris between sandstone out-crops the fragments are more numerous, though seldom 
aufiiciently perfect to be worth removal. These fragments have not been found in the clays, 
yet some dark liver-coloured bones seem to have come from the purple portions of these. 
Fossil wood has not been met with. The bones are usually whitish or buff, the teeth 
too hard to be touched by a knife, the bones often softer and calcareous, while some huge 
tusks are replaced chiefly by a pinkish white soft marly looking brittle clay or earth. 

The state of fossilization exactly resembles that of the Lehrf bones thought by 
Mr. Theobald to be of Nahun age (see Records, Geological Survey, No. 3, 1874). 

The remains found in the above described beds include parts of large bones, such as the 
humerus, scapula, jaws, teeth and tusks of huge pachyderms. One of the former had a 
girth of 2 feet 7 inches, and fragments of a pair of tusks measured 12 feet in the aggregate 
with a girth of 2 feet in places. Large molar teeth resembling those of ruminants also occur, 
with some smaller teeth ; portions of joints of less sizeable, leg bones, vertebrae, fragments 
of large deciduous, deer horns nearly as thick at the attachment as a man's wrist, many 
mammalian rib bones, numerous unrecognisable fragments, and one small piece of the 
armature of a tortoise (?) none of which have as yet undergone comparison or determination. 

From the general aspect of the rocks no hesitation would be felt in referring them to the 
upper portion of the Pot' war tertiary series, but it remains to be seen if the fossils will 
give any support to the idea that they may be newer, or that these and some upper beds of 
the Pot'war may both be Sivalik. 

Perhaps the only feature which relieves the stratigraphical monotony of these beds is 
an indication of a slow transition upwards into strata even more incoherent and more recent 
looking than those of the mass of the hills. These upper and outer beds are coarse sandy 
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gravelly and conglomeratic layers with drab or yellow days containing knnkar (ae indeed 
do many of the clays lower in the series). These clays are of the same color, and present 
but little difference from the allavitun of the neighbouring plains, while the sandstones and 
gravelly beds or base of conglomerates are of a duller and more muddy aspect than the 
clean gray sandstones beneath. In the sandstone or gravelly parts of these rocks an 
occasional rolled bone fragment or broken tooth may be found, and in some of the conglo* 
merates pebbles of the tertiary sandstones themselves occur; but notwithstanding the 
derivative aspect of the bones and of the last-mentioned pebbles, the containing rocks present 
no visible unconformity to the beds on which they rest. Ou the contrary, as stated, the 
transition to the softer and more recent looking layers appears to be gradual, while the dips 
are conformable and the newer beds are found all round the elongated oval formed by the hills. 

Limits to these upper beds can only be approximately and arbitrarily assigned, but they 
may have a usual thickness of from 200 to over 400 feet. 

The thickness of the whole Pubbf series must also be estimated with caution. For 18 
or 20 miles from the eastern end of the exposure, a continuous succession of layers coming 
out from beneath each other may be traced, all lying at low but very perceptible inclinations 
which would, even at angles less than 5^ give a large total depth. When the cross-section, 
however, is considered, between 2,600 and 3,000 feet would seem a sufficient estimate for them 
all, and the probability is that the amount may exceed rather than fall within 3,000 feet. 

Outside the inclined newer light colored layers the alluvium of the plains may be found 
horizontally abutting against and resting upon these rocks. It is of the common drab 
argillaceous or somewhat sandy, and occasionally kunkery or otherwise calcareous character, 
the only traces of fossils observed in it being small, white, dead Bulimus shells and part of 
the skull of some large bovine animal (perhaps a buffaloe) of recent appearance, but buried 
beneath from 8 to 10 or 16 feet of day and exposed in the bank of a nullah. In neither 
case can these indications be taken as contemporaneous with the alluvium itself, for in so 
easily shifted and shifling a deposit, organisms of even more recent age might readily become 
enclosed. Much of the eastern part of the broken Pubbi country is formed of the deeply 
ravined alluvium. 

It is to be hoped that the fossils collected, few, imperfect and fragmentary though they 
be, may afEord sufficient evidence to relegate these Pubbi tertiary rocks to their proper place. 
Pending the examination of these fossils, the only conjecture that can be hazarded, based 
upon structural and petrological grounds, as well as Mr. Theobald's paper previously referred 
to, is that the fossilif erous portion of the Pubbi rocks is probably of Nahun age, while the age 
of the uppermost and more recent looking layers remains an open question. 

Camp. 1 A. R WYNNE, 



J 



November 1874. J Geological Survey, 



The following is a rough list of the foseUs collected by Mr. Wynne during hit examina' 
Hon of this email range qf hills, drawn up by Mr, JS. Lydekker, Geological Survey 
qf India. 

1. — £quus sivalensis, from north-west of Sundpur. 

(a). 2nd premolar, right ramus of mandible. 

(b). Molar and parts of mandible. 

(c). First molar, Maxilla. 
2. — Equus sivalensis, from near Ohangaa, Pubbi hills — distal extremityi right meta- 
carpus. 
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3.— -Bm, Purr Kubs, inside of stream, in bank 8 to 10 feet below surface,— part 

of maxilla of left side, containing 1, 2 and 3 premolars, and first molar. 
4. — BoSt near Changas, Pubbi bills — 

(a). 2nd molar, rigbt ramus of mandible, 
{h). Fragments of molars. 
6. — Bat, near Gbangas, Pubbi bills, — 3rd molar, left maxilla. 
6. — Bos, north-west of Sundpur or Saudepura, — distal extremity, rigbt metacarpus. 
7. — Bos^ from Gotriala to Besa,—fragmentarj teetb, mandible. 
%,^^EquiM nvaUtuis, from Grotriala to Besa, — 1st molar, rigbt ramus of mandible. 
9. — Bos, from Gotriala to Besa, — external second phalange, left foot. 
10.— -J^tc«, Pir Jaf&r, Pubbi,— left calcaneum, 
11. — Bos, Pir Jaffir, Pubbi,— distal two-thirds, left calcaneum. 
12.^Bos, Kniara, Pubbf, — neural arch and lamin», thoracic vertebrse. 
13. — Bos, Kniara, Pubbf, — proximal head of radiiis. 
14. — Cervus, Pir Jaffir, Pubbi, — ^base of left horn. 
16. — Cervus, Pir Jaffir, Pubbi, — base of right horn. 
16. — Cervus, Pir Jaffir, Pubbi, — ^portion of horn. 
17. — BlephiM kysudricus, Pir Jaffir, Pubbi,— portion of molar. 

18. — Elepheu insignis (?) Qanesa (P), west of Pir Jaffir, — ^part of molar ; stated to bare 
been found with tusks two feet in circumference; from this probably 
belong to Ganesa. 

19. — Elephas, Pir Jaffir, Mosque^^part of tusk. 
20. — JElephw, — part of tusk belonging to No. 18. 
Si.-^Crocodilus, — fragment of carapace. 

2foU.—ka the fossiki of Bob are only molar t«eth and firagmentarj bones, it ia impoeaible to determine the 
•pedes.— S. L. 



BXFOBT ON WATXE-BBAXINO 8TBATA OF THS'SUBAT DiSTBICT, bg W. T. BlANPOBD, F.B.8., 

F.O.B., Deputy Superintendent, Geological Survey of India, 

It appears to me, so far as T can form a judgment on the question from the correspondence 
forwarded to me, that the problem presented may be briefly stated thus : To determine how 
far the irregularity in the distribution of sweet and salt wells in the Surat district is due to 
the geological structure of the country, and to ascertain whether that structure renders it 
probable that sweet water wiU be found in those pai'ts of the district in which none has 
hitherto been discovered. 

In endeavouring to solve this problem, the first point for consideration is the geological 
structure of the district^ and the second the knowledge which is available of the distribution 
of sweet and brackish water. On the latter head most of the information obtained is from 
local sources and not from my own observation, I am consequently not responsible for its 
aocuracy, but any error I may make will doubtless be corrected by the local officers. 

The geology of the Surat district is simple.* In the extreme east, about M&ndvi and 
elsewhere, hills of basalt and other volcanic rocks are found. Upon these rest limestones, 
sandstones, gravels, &c., of tertiary age, the lowest of which abound in nummulites. These 



* A sketch of it was giren bj Mr. A. B. Wynne, of the Geological Sorrqrt in the Beoords, Geological Sorrej 
India, Vol I, p. 37. I alao described it in the Memoirs, Geological 8arYe7, India^^VoL VI, p. 16S. 
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rocks are seen in the Tapti river below Bhodh&n and in the Kim river as far west as the 
neighbourhood of EI&o, but throughout most of the intervening area they are covered up and 
concealed by alluvial deposits, and they are nowhere exposed, except in one or two small 
isolated hills, throughout the country south of the river Tapti. By far the greater portion of 
the country consists of an alluvial plain, the surface being covered with a thick coating of 
black soil. Along the sea-coast are low hillocks of blown sand. 

The alluvial deposits furnish nearly all the water obtained in wells, and these deposits 
demand therefore rather fuller notice. They consist of clays, sandy clays, and sand, much 
interspersed in places with concretionary nodules of carbonate of lime. Towards tbe surface 
they pass into black soil. They may contain beds of gravel (rolled pebbles) in places, but 
such appears to be uncommon, so far as my information extends. The different layers of 
sand and clay are probably very irregular in thickness and extent, but sections are rare, 
and very few borings have been taken. In those made for the Tapti bridge at Surat, however, 
as I am informed by the Executive Engineer in charge, a bed of hard clay with calcareous 
nodules, in which it is proposed to lay the foundations of the piers, was found to be very 
much thinner on one side of the river than on the other, the difference, which was not 
precisely determined, amounting to several feet. It is evident that this bed has an irr^ular 
and possibly a lenticular section, and the same is probably the case with all tbe strata in the 
alluvial deposits, whilst the more sandy layers in which, owing to their greater permeability, 
water is generally found, may very often thin out and disappear in the distance of a few 
yards. 

I quite concur in Mr. Medlicott's remarks on the different reasons which may be assigned 
for the occurrence of brackish water in wells. These are, briefly, the presence of salt in 
the strata when originally formed, salt springs, and infiltration from spots in which salt 
is being deposited at the surface of the ground. To these may be added percolation from tho 
sea or from estuaries, which, however, ia practically identical with the third form. In the 
case of Surat, I believe that the salt was originally deposited in the alluvial strata. 

The plains of Guzerat have every appearance of being estuarine or marine deposits 
formed from the clay and sand brought down by the Tapti, Narbadda, and other rivers. 
The deposits forming in the salt marshes and flats submerged at high tides near tbe mouth 
of the Tapti, which I had an opportunity of examining during my recent visit, are covered by 
a deposit differing so littie from one form of the black soil, that it is impossible to draw a line 
separating the two, the blackish argillaceous dried mud of the estuarine flats and marshes 
being similar, both in colour and texture, to the black soil of the fields a few inches above the 
level of the highest tides, and this soil again differs but slightly, either in colour or texture, 
from the ordinary 'cotton soil' of Guzerat. Such differences as exist are, I think, due to 
surface action ; to the effect of rain and chemical changes, impregnation with organic 
matter,* and agricultural processes, and I see no reason for doubting that the whole of the 
surface formations in Surat may have been deposited from salt and brackish water in tidid 
estuaries and salt marshes, precisely similar to those which are now being reclaimed and 
converted into arable land in places on the sea-board of the district. The more sandy beds 
must have been deposited where some current, due either to tidal or stream action, existed ; 
the fine argillaceous black soil has probably been formed in back-waters and marshes.f 

Evidence of recent rise in the land has been found in several places on the western coast 
of India : instances are known at Bombay, in Katthiawad, and in Sind. There is every reason 



* It iB probable that great part of 9azerat has been ooTered by forest, and the soil thus impregnated with 
deoajed organic matter. In this manner the beet and richest cotton soil has very probably been formed. 

t My brother, Hr. K F. Blanlord, several yean ago pointed ont a similar mode of origin of blaclc cotton soil on 
the Madras coast, and I found a similar deposit forming nnder the same cireamstances in Oriasa. 
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for belie?ing that Sorat has shared in tbu movement, and that the plains of south-eastern 
Guzerat have been raised above the sea-level at no very distant geological date. 

Soch being the geological nature and origin of the alluvial formations which cover the 
country, it may be inferred that more or less salt must originally have been left in the 
soil, and that the occurrence of saline impurities at present will depend upon whether they 
have been removed by the percolation of rain water— -whether, in short, they have been 
washed out — since the deposits were formed. If other conditions remain similar, it is 
reasonable to anticipate that the salt would be removed more completely from those strata 
which have been raised to a greater height above the sea and from the more permeable beds 
because the first, owing to their elevation, and the second, in oonseqnenoe of their porosity, 
have been traversed to a greater extent by water seeking a lower level. It is also probable 
that elevation has been gradual, and, if this has been the case, it is evident that the surface 
deposits at a greater height above the sea have been first raised, and have consequently been 
longer subjected to the action of sweet water. But these more elevated portions of the 
plains are farther from the sea, and consequently it appears probable that the amount of salt in 
the alluvial deposits diminishes gradually in passing from the lower ground on the sea board to 
the higher inland plains, the presence or absence of saline impurities also depending on the 
more or less porous nature of the beds ; or, which is the same thing, the proportion of sand 
and gravel to clay in their composition. Moreover, as the beds thin out within short dis- 
tances, and the intercalation of sandy and gravelly layers with the less pervious argillaceous 
strata is variable, much irregularity in the extent to which the water is impregnated with 
salt may be anticipated. If the brackishness of the water depended directly on the perme- 
ability of the beds, we should expect that the wells yielding the largest supply of water 
would be the least impregnated with salt, and although this does not appear to be universally 
the case, some instances in its favor have come to my knowledge in the town of Surat, but 
the amount of salt in each instance is much complicated by peculiarities in the course taken 
by the water in reaching the well from the surface, and the beds it passes through during 
the process of percolation. 

So far as I am aware, this theory of the mode in which the alluvial deposits of Guzerat 
have been formed, and of the distribution of beds containing brackish water, agrees with 
observed facts. With the important exception to which I shall presently refer, and which 
I can, I think, explain, of certain perfectly sweet wells close to the sea, the water found near 
the coast is more or less salt, whilst that obtained in the higher portions of the plains away 
from the sea is sweeter ; but there is much irregularity. I have dwelt at some length on the 
theory by which I account for the brackishness of the well water, because it is upon the 
correctness of this theory that the conclusions formed depend ; because, by explaining my 
views fully, I afford an opportunity to the civil officers and engineers of the district to 
test and confirm or refute them, and because, in one instance at least, I have found theories 
put forward which appear to me erroneous. 

There aro two circumstances at least which appear at first sight to be opposed to the 
views above expressed. One of these is the occurrence, already alluded to, of sweet water in 
wells close to the coast. I was only able to investigate one instance ; this is at some bunga- 
lows between the villages of Dumas and Bhimpur, just south of the mouth of the Tapti 
river, and about ten miles from Surat. At and around Surat city, on the road between Surat 
and Dumas, and in the village of Dumas itself, every well which I tried, and so far as I could 
learn, every well existing, is more or less brackish, some being sufficiently pure for use, whilst 
others contmn water much too salt for either drinking purposes or irrigation. But at 
the bungalows just mentioned, which are within less than half a mile of the sea, the 
water in the wells is perfectly sweet. Now, the bungalows stand on hills of blown sand ; 
the village about % mile away is on black soil. The wells at the bungalows are very shallow, 
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not more than 16 or 20 feet in depth ; those at the village, which is, I think, on rather 
lower ground, are doahle that depth. It appears evident that the water in the bun- 
galow wells is derived from the sand resting upon the oomparativdy impervious black soiU 
and that the water in the sand is sweet, because any salt originally contained in the porous 
sand has long since been washed out of it, as water can percolate it freely in descending to a 
lower level. 

I am informed by Mr. Clarke, the Executive Engineer, that the ease at Yaux's tomb, 
especially mentioned in Mr. Hope's letter, is precisely similar to Dumas, whilst at Bhugwa 
Dandee, where no good water could be found, there are no sand hills. If my explanation be 
correct, the sinking of deeper wells at the Dumas bungalows or at Yaux's tomb will probably 
result in brackish water being found in the beds underlying those which now supply the wells. 

The other difficulty to which I have referred is the existence of numerous wells in vari- 
ous parts of the country, the water of which is said to have become gradually salter. This is 
rather opposed to the view above expressed, because it is probable that percolation removes 
the salt in any given stratum, and consequently wells should become sweeter by use if they 
undergo any change ; that is, provided that the water always finds its way from the surface 
into the wells by the same route, and traverses the same beds in its courae. But the removal 
of water from a well may occasionally produce an inflow from other strata than those from 
which the supply was originally derived, and thus salter water may be introduced. The 
question is a difficult one, and I think some further information on the subject of wells 
becoming salter is desirable. In the first place, I think the evidence of increasing saltnesa 
in wells should be rather carefully examined ; of course no analyses of the water have been 
made, and, so far as I can learn, complaints about water becoming salt have been frequently 
made in order to obtain remissions of rent, as irrigated land is more highly taxed than land 
which is not irrigated. I should like to suggest the possibility that, in some cases at least, 
the change has not been in the water, but in the soil of the fields. As all the well water 
contains salts in solution, and as the water poured upon the land is evaporated, leaving the 
salts behind, a gradual concentration of the salt must take place in irrigated lands until 
it may, unless remedial measures be taken, become so saturated as to be unfit for cultivation^ 
as in the case of the ' reh' lands of Upper India. In this case the blame would infallibly 
and 'justly be laid on the water used for irrigation, although no increase has really taken 
place in the saline impurities contained in the water. 

I cannot say how far the wells in and around Surat represent those of the district 
generally, but if they do, I may add that the impurities of the water are not confined to 
common salt (sodium chloride). Some rough tests which I have applied with such means 
as were available showed the presence of lime, alumina, and of an alkaline earth, which I 
believe to be magnesia, in considerable quantities. 

K the views above expressed are correct, it is evidently improbable that better water 
will be obtained by deep boring, unless the strata at a depth below the surface are much 
more permeable than the superficial deposits ; on the contrary, the deeper beds will have had 
less chance of being purified from salt by percolation than those near the surface. Where 
the beds at a greater depth are very porous, they may contain sweet water, but this is by 
no means certain, and I can see no reason for anticipating that the lower strata wUl prove 
very different in character from those exposed at the surface of the ground. Should rock 
be found, it is impossible to form an opinion without actual trial as to what the character of 
the associated water may be. The rock may very possibly belong to the lower tertiary 
strata, and similar beds in Eachh and Sind often yield brackish water. 

Before concluding I may briefly advert to the water-supply of the town of Surat, to 
which my attention has been particularly drawn. I went over the town with Mr. Pandurang 
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BaOcrahna, the Secretaij to the Municipality, to whom I am indebted for most of the 
details mentioned. 

Surat is a large toWn^ with a population exceeding one hundred thousand. As in most 
old cities, the surface has been greatly raised in places by the accumulation of ruins of build- 
ings and rubbish of all kinds. The town stands on the bank of the Tapti, here a tidal 
river, the water of which is sweet in the rainy season, but brackish at other times, and 
especially so in the hot weather. 

There are in Surat numerous wells, one to nearly every house. The water of only 
two or three of these is used for drinking purposes ; nearly the whole of the inhabitants 
obtain their drinking water from the river, from cisterns in which rain water is collected, 
or from wells outside the town. The depth of the wells inside the town varies from about 
30 to about 70 feet, and the height at which the water stands in the wells above the datum 
to which all levels within the municipal limits are referred (100 feet below a fixed mark 
in the castle) varies in different wells from 50 to nearly 70 feet. As a general rule, 
the wells inside Surat city contain very brackish water ; those outeide the city proper, but 
within the old Walls, vary in quality, a few being just drinkable, whilst outside the walls 
there are some wells of so-called sweet water. This last, however, though far purer than 
that obtained from the wells inside the city, is decidedly more brackish than good drinking 
water should be, and on testing it, it was found to contain lime, magnesia, and other im- 
purities in considerable quantity besides common salt. The same remark applies to those 
wells inside the city which contain drinkable water. 

The latter are only two in number : one in the cas^Je and close to the river bank, the other 
at the house of a Maharaj named Mandir. The former very probably derives ite supply 
from percolation from the river when in flood,* another well not 100 yards away, but farther 
from the river, yielding brackish water. The well in Maharaj Mandir's house is rather 
deeper than usual, the bottom of the well being 48 feet, and the surface level of the water 
56 above datum, and the supply is so large that an attempt to pump the well dry by a 
6-horse power steam-engine scarcely produced any sensible diminution of the water level. 
At the same time other wells nearly of the same depth contain brackish water. 

Two other incidente connected with the Surat wells may be here mentioned. The first 
is that there is a well in the public park used for watering the gardens : it is 63 feet deep, 
and contains, when full, 35 feet of water, the surface of the water being about 65 feet above 
datum. The supply is considerable, but the water can be pumped diy by a 8-horse power 
engine in 3 hours, and requires 24 hours to refill. After pumping for a short time the water 
improves, but when the well is left to refill it becomes brackish again. Another well, not 
50 yards distant, contains very brackish water. The supply is, I believe, less than in the 
other well, but I have no certain information. 

Another circumstance worthy of note is referred to by Mr. Hope in his letter No. 2280 
of 1871. A well was sunk at the Surat race-course about half a mile outeide the city walls, 
at a spot in the middle of four existing wells, none of which are more than 150 yards apart. 
All these wells are comparatively sweet, certeinly much better than any well inside the town 
of Surat, yet Mr. Hope's well proved brackish. In this case I think it is to be regretted 
that the well was not pumped for some time before being abandoned, since the salt may have 
been derived from the sides of the well and pumping might have caused an inflow from the 
stratum which supplies the other weUs, but the saltness may have been due to the water 
finding ite way into the well by a different channel to that pursued by the flood supplying 
the others. 



• The ttatement in a report bj Mr. Sowerbj on the water-mipply, Ac, of Surat, dated Tih Novetnber 1868, that, 
the lertl of the water in the Surat wells is aboTe that of high ipring tidee tn the Tapti, appean to be incorrect. 
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With reference to the impurity of the welb within the city walls, it is ]^robable that 
water percolating through the accumulated debris of old mortar, ashes, burnt clay, &c., which 
hare raised the surface of the ground inside the city from 10 to 20 feet, may dissolve a 
considerable quantity of various salts, and thus increase the saHue ingredients of the well 
water. 

So far as I can judge, however, none of. the wells in or around Surat furnish water so 
pure as ought to be obtained for drinking purposes. I am told that no complete analyses of 
these waters have ever been made, and I should recommend that such be obtained of difEerent 
waters, including the best and the worst, since the kind of salt present and the relative 
quantities may afford some clue to their origin. 

The details just given concerning the Surat wells are certainly in favor of the conclusions 
already expressed as to the causes of irregular distribution of fresh water in the soils of 
Surat. These conclusions I will briefly recapitulate, pointing out their practical application — 

1. There appears reason to believe that the greater portion, if not the whole, of the 
alluvial deposits near the coast of Quzerat were originally impregnated with salt in conse- 
quence of their having been formed in salt-water. Where they are now free from saline 
impurities, this is due to the removal of such impurities by the peroolati<vi of &esh water. 

2. Such percolation of fresh water has been efficient in proportion to the elevation 
above the sea, and to the greater or less permeability of the beds ; consequently, as a rule, those 
wells which are at the greatest height above the sea and those which yield the most water 
are the sweetest. 

3. The distribution of permeable and impermeable beds is very irregular, most of the 
strata being lenticular in section and thinning out within short distances. 

4 It ensues from the above, that there is no reasonable prospect of fresh water being 
obtained from deep borings, unless the strata beneath the bottoms of the existing wells are 
generally more pervious than those near the surface. This is possible, but there appears no 
sound reason for anticipating that it will prove to be the case, and it is probable that deep 
borings will give as irregular results as surface wells. 

6. It is also improbable that fresh water will be found in wells sunk in the salt 
lands now being reclaimed. Should such be found, its occurrence will be, I think, accidental, 
and due to the existence of unusually pervious strata, and I think that these may veiy 
possibly prove local. 

6. The presence of fresh water in some places on the coast, as near Dumas and at 
Vaux's tomb, appears due to the existence of sand-hills resting on impervious clay. The 
quantity of water will probably bear some proportion to the extent of the sand-hills. 
Although a considerable supply may be derived from such places for local purposes, I do not 
think it probable that the quantity is sufficient to supply large irrigation works, nor should 
I be surprised if in some similar localities the water proved more or less brackish, owing to 
the presence of salt in the sand, or contamination from the subsoil. Deep wells amongst 
the sand-hills would probably yield brackish water. 

7. None of the wells about Surat town supply really good water, nor is there at 
present sufficient prospect of improvement to justify the sinking of deep wells, and, as an 
ample source of excellent water exists in the river Tapti a few miles higher up, and I am 
informed that it is proposed to introduce the same into the city, it appears scarcely worth 
while to incur expense in experiments which are very likely to fail. 

Finally, I can only suggest that if further information be required, and to test the 
accuracy of the views here expressed, borings should be made to a depth not exceeding 
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ISO to 200 feet. To attempt to raise water from a greater depth would probably ^ avolve 
greater expense than the value of the water for irrigation would cover. It would be well to 
make borings along lines, and at a fixed distance apart, in such parts of the district as it is 
particularly desired to explore. There appears no reason for selecting any locality in 
particular, for, as I have above shown, the probability appears to me that sweet water will 
not be found, at all events not as a general rule ; at the same time, the matter is of such 
importance that the trifling cost of a few borings would be fully justified in order to obtain 
certain information, for, after all, the opinion g^ven above is based upon very imperfect 
information. 

When borings are made the wator from every water-bearing stratum traversed should 
be separately tested, and, at all events, the quantity of salts in solution ascertained by 
evaporating to dryness, care being taken that some wator is always pumped out before 
collecting specimens for analysis. 

I would further recommend that complete quantitative analyses be made of a few of the 
Surat wators, especially of those in and near itxe town of Surat,* and I would also suggest 
that the wator of some of the wells which are said to be gradually becoming Salter be 
analysed, or, at all events, the quantity of salts in solution estimated (a very easy matter) 
from time to time. 

As already pointed out, common salt is by no means the only impurity present in con- 
siderable quantities in the well water of Surat» and other salte may be equally deleterious 
both to human health and to vegetation, although their presence is not so easily detected by 
the taste of the water. It is useless, without more exact information as to the nature and 
quantity of these salte, to attempt to trace their origin ; some have, in all probability, been 
derived, like the common salt, from the sea ; others from the decomposition of the materials 
forming the alluvial strata. 

llthJanuarTf 1875. 



Sketch OF THB Gbology of Scindia's Tsbbitobiss, 6y H. B. Mbdlicott, a. u.,f.o.8., 

Deputy Superintendent, Geological Survey of India, 

Scindia's possessions are so scattered, that any connected physical description of them 
^ ^ . . must include much adjoining ground. The extent and uniformity 

of the natural features further involve this comprehensiveness, 
80 that the following notice of the geology of the region comprises much of Holkar's territory, 
all of Bhopal and of the British district of Sagar, all of Eotah, a great part of Bundi, besides 
some other petty Stetes of B&jput&na. All this ground belongs to the Vindhyan plateau, 
defined on the south- south-east by the Vindhyan range overlooking the Narbadd valley, on 
the north-east by a scarp overlooking Band^lkand, and on the north-west by clified ranges 
facing Bajput4na. Although ite limite are so well defined, the character of this area as a 
single plateau is not well marked. The entire drainage is from the southern edge, the crest 
of the Vindhyan range ; and in their progress to the Jamn& the rivers have formed deep and 
wide valleys, so that a very large area of the so-called plateau consiste of plains but little 
raised above the level of the country to the east and west : still the plateau form is every- 
where maintained ; the smallest elevations are little teble-lands or terraces. 

* It ahoold be borne Ib miad that the greatest care is necessary in collecting samples of water for aDalyses ; such 
samples should be taken by a responsible officer personally, never on any account by a native servant or sab* 
ordinate, and both bottles and oorka most be perfectly clean. Unless these precautions are taken, the analyses when 
made will be useless. 
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2. These features are directly connected with the rock-stmctnre. The well known 

geographical name for the southern crest of elevation has been 
adopted for the great sedimentary formation which forms the basis 
of the whole plateau. Except along the edges of their area, the Vindhyan strata are hori- 
zontal ; and this arrangement, combined with alternations of hard and soft rocks, induces the 
flat scarped form of elevation. In the south-west part of the plateau in M&lw&, where the 
Yindhyans are so completely covered by eruptive rocks, the same form of elevation is 
constant, illustrating admirably the step-like arrangement for which the name of trap-rock 
was originally given to these ancient volcanic products. 

3. , To proceed in regular order from the youngest to the oldest formations, brief notice 

. , , ^ .^ must be taken of the superficial deposits. There is little or no 

Superficial deposits. ... i , , 

▲LLUVinu proper m this country, actual land-formation now in 

progress from river deposits ; unless we are to include under this head the almost ceaseless and 
everywhere present action of wind and rain in shifting and arranging the earth particles 
at the surface. The soil and subsoil covering is on the whole inseparable from the thick 
accumulations of clays, sands and gravels occurring over the plains and valleys ; although 
the great depth of these and their forming steep banks high over the extreme flood level of 
the great rivers, clearly point to conditions of formation separated from the present by 
marked physical changes, involving a lowering of the water-level in this region. In confirm- 
ation of this observation, we find these deposits continuous with those of the great Qangetio 
plains, in which the i^emains of extinct varieties of large mammals have been found. The 
best known locality for these fossils is near £t4w4 in the bed of the Jamuni, close to the 
north-east limit of Scindia's territory. It is very likely that siidilar remains might be found 
within the boundaiy in the Chambal and other large streams. 

4. The trap-rock of M4lw& is the next in order of age to the valley-deposits, the break 
_» in time between them being enormous, embracing nearly the whole 

of the geological period known as txrtiary. The formation is 
known as the Deccan trap, this rock in M&lwa being in unbroken connection across the 
valleys of the Narbadi and the Tapti, with that forming the great plateau of the Deccan. 
The upper limit of age for the formation is given by the occurrence of numhulitic strata 
resting upon a denuded surface of the trap along the western base of the highlands near 
Broach. The lower limit of age is fixed by the occurrence of csbtaceous rocks, supposed 
to be middle cretaceous, beneath the trap at B4gh in one of Scindia's outlying districts in 
the Narbada valley, and also on the plateau near J4bn&. Within the formation itself there 
occur local intertrappean beds, patches of sedimentary rock, earthy and calcareous, frequently 
containing fresh water fossils. The independent evidence of these has been thought to connect 
the trap more with the tertiary than with the secondary epoch. The trap belongs to the 
basaltic family, but presenting many varieties from greenish black, dense, columnar basalt, to 
porous amygdaloids with agates and zeolites, and to earthy ash-like beds. Within the district 
under notice no dykes have been observed, showing that it is beyond the immediate region of 
eruption. The present northern limit of the trap is an irregular line between Nfmach and 
Badrawas. It is purely a boundary of denudation, and it would be impossible to say how 
much farther to the north the eruptive rock may originally have extended. The laterite 
band which b so generally associated with the trap may give a clue to this question. There 
are many kinds of laterite of different ages and modes of origin. The variety here spoken of 
is a purely earthy ferru^nous rock free from sandy detritus, its upper part, to a depth of 
ten to twenty feet, being intensely hardened by the segregation of the iron. It appears as 
a capping to the highest plateau of the trap, thus having the apparent relation of an original 
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top-rock to the formation. If it could bd legitimately taken as thus related to the trap, we 
conld assert that this rock had never covered the whole surface in the neighbourhood of 
Gwalior, for laterite of this type caps the high hill eight miles south-west of the city resting 
on the Morar rocks, without any intervening trap. A full half of Scindia's territory is on 
the trap formation. The laterite is finely developed about Gun^ and Augar. 

5. Mention has already been made of the small patches of rocks of middle(P) cretaceous 

age in the Narbad4 valley about Bagh and on the plateau near 
Jabna, both places in or near the Chujerrd district. The most 
important rock of the group is a limestone holding marine fossils, and underlud by sand- 
stone, or resting upon the basal crystalline rocks. The infratrappean or Lamdta limestone 
and sandstone of the districts to the east (S4gar and Jibalpdr) are thought to represent the 
B4gh beds ; but as yet only vertebrate remains, some of great size, but unidentified, have been 
found in them. This information is given because the ground under description has been 
only partially examined, so that representations of either group might be looked for 
anywhere at the base of the trap. 

6. There is an immense geological gap between the cretaceous beds and the Yindhyans, 

The Vindhjan formation. which are the next oldest rocks in this region. In other parts 

of India this gap is partly filled up by the great rock series of 
which the Indian coal measures form a part. Geologically, the Yindhyan plateau is a 
basin. The lower strata of the formation only appear along the boundary of the field, with a 
greater or less slope towards the centre in which direction younger beds succeed. The whole 
series has been divided into the following groups : — 

! Upper Bhanr6r ... Upper Bhanr^r sandstone. 
( Sirbu shales. 
T -D1. ^ 3 Lower Bhanr^r sandstone. 

Lower Bhanr^r ••• -JBhanr^r limestone. 

I Gandrgarh shales. 

i Upper Biwa ... Upper Riwa sandstone, 

r Jhiri shales. 
Lower Riwa ... } Lower Riwa sandstone. 

(^Pannd shales. 

STT v * ' C Upper Eaimtir sandstone. 

Upper Kaimur . . . ^ ^^T^^ conglomerate. 

T IT- /,. fBijigarh shales. 

Lower Kaimur ... | j^ J^^'^^ ^j^,^ sandstone. 

7. Most of these groups are represented in Scindia's territories north of Badrawas. 
The Kaimtir conglomerate and its overlying sandstone are admirably exposed about Gwalior. 
In the fort-hill and the adjoining scarp they rest upon one of the trappean bands of the 
Morar group. In the hills to the south they rest upon other beds of the same series. 
Passing north-westward the Pann& shales are found in the bw ground along the base of the 
next scarp, which is formed of the Lower Riwa sandstone. Beyond this again there is a 
third scarp formed of the Upper Riwa sandstone with the Jhiri shales at its base. Still 
further to the west we find the Ganurgarh shales and Bhanr^r limestone well exposed in 
the valley of the Chambul, the Lower Bhanr^r sandstone forming the Dholpur ridge on the 
left bank of the river. In the Nimach district the same series is well developed ascending 
from the west. The Bhanr^r limestone is well exposed between Nimach and Ghittorgarh. 
The age of the Yindhyan series is still quite undetermined. All that can be said is that it is 
greatly more ancient than the base of the coal measure series. Although so undisturbed and 
unaltered, and apparently so adapted by their varied composition and the conditions of 
deposition (as indicated by the variety and prevalence of water-marking), for the existence 
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and preseiratdon of organic fonns, the Yindhyan strata hare as yet yielded no fouila. 
Fine bailding material is procurable from all the eandstonee of this formation. Its most 
famous product is the diamond, the occurrence of which seems to be limited to the shales 
near Panna. 

8. The most varied and instructiye geological sections in all Scindia's territories are 

in the immediate neighbourhood of Gwalior itself, where the Vin- 
dhyans are in contact with the rocks next to them in age occur- 
ring within our area. It would be impossible to find a better example of unconformity of 
strata. The lower rocks have not undergone auy great disturbance, little more than the 
Yindhyans themselves, being still in approximate horizontality ; but scarped yalieys of erosion 
are found in them filled with thick masses of (Kymore) Kaimur conglomerate and sandstone, 
the former being principally made up of angular debris of the subjacent strata. These 
rooks have been called the Gwalior series. The boundary of the Yindhyans passes close to 
the west of Gwalior, with a general north-easterly direction ; and the Gwalior series occupies 
a comparatively small area between the Yindhyan scarp and the river Sind, forming low 
east and west ranges of hills. The southern range is fifty miles long, and unbroken, being 
formed of a strong quartzite-sandstone, the bottom rock of the series, and known as the Par 
sandstone. This g^'oup has the same relation to the gneissic area of Bandelkand as have the 
Kaimur strata. Both present scarps towards the low ground of crystalline rocks, out of 
which the under-cliff is formed; the irregular surface of junction between the Far sand- 
stone and the gneiss slopes northwards, disappearing up the goi^es at a few score yards from 
the line of the scarp, and so vanishing altogether towards the end of the range, where the 
Sind forms small cataracts over the Far sandstone at Seonrha.. The same northerly slope 
prevails throughout the series, bringing in higher strata in that direction. The Far. sand- 
stone is thus succeeded by a great thickness of very difierent strata, known as the Morar 
group. These have some decided characters common throughout — finely laminated shales 
and flags, often highly ferruginous and very commonly banded with layers and nodules of 
jasper and homstone. Two very marked breaks occur in the uniformity of this group, 
owing to the intercalation of great sheets of eruptive rock, apparently of contemporaneous 
origin ; and this has resulted in a corresponding break in the form of the ground. The 
lower part of the Morar group is found along the north side of the main range of hills. 
In the irregular valley between this and the broken middle range, the rocks are concealed by 
alluvium ; but at the head of the valley, near the villages of Chaora and Buda, two strong 
flows of trap are finely exposed. There is just enough evidence to show that the valley is 
excavated along the outcrop of this trap, it is seen in the stream close to Barori village, and 
again at the east end two miles west of Behat« This is a very ancient valley ; for in the 
middle of it, near Bastori, there stands a small plateau of Yindhyan sandstone. The plain 
of Morar, separating the middle range from the very broken chain of flat hills to the 
north extending eastward from the old Residency, is undoubtedly laid upon the denuded out- 
crop of the great sheet of trap exposed continuously all round the base of the fort-hill and of 
the adjoining scarp where it is overlaid by Eaimur sandstone, and which is equally well seen 
along the south face of the northern hills to be overlaid by the jaspideous shales of the 
Morar group. There are several scattered hillocks of this same trap over the plain to the 
east of Morar. Besides the trap, the Morar group contains local bands of cherty limestone. 
One of these occurs in the hills about the old Residency ; another is traceable in many points 
in the middle range of hills. A very rich earthy iron ore has been extensively extracted 
from near the base of the Morar group in the southern hills. In the Sind, at the eastern end 
of the southern range, at a mile and a half above the village of Nardha, there is a vein in 
the Far sandstone said to contain lead ore (galena). 
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Tliere 18 but one other fonnation to be noticed. Soindiah's territories inelnde a small 

portion of the crystalline rock area of Bandelkhand. The relation 
of this rock to the Gwalior and the Vindhyan series has been 
noticed. The avBiss is often highly granitoid, but no intmsiye granite has been detected. 
Bands of schists, sometimes homblendic, oocur occasionally, having an east-west strike. 
The most remarkable feature of this area is the number of great reefs of vein-quarta, form- 
ing narrow regular precipitous ridges, with a prevailing north-easterly direction. No trace 
of gold has ever been noticed about them. The gneiss is also much traversed by trap-dykes ; 
in these a north-westerly direction prevails. They have been found in some cases to traverse 
the quartz-reefs, and are, therefore, younger than these. But both reefs and dykes are older 
than any of the sedimentary formations in contact with this gneiss. At the western edge of 
the trap and Yindhyan plateau, there may be patches of crystalline rocks within the 
Amjhera and Jawad Nimuch districts of Scindia's territories. 

April 1873. 
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IST QUASTBB OF 1875. 

Specimen (cast) of JSophrynus Prestvidi, H. Woodward, Cwrculioides id, Bnekland, from 
the coal measures, Dudley, England. Presented by H. Woodwabd, Esq. 

Series of Brachiopoda from the Jurassic of Qermany. Presented by Pbof. Zittsi, Munich. 
Six specimens of minerals and a sample of iron casting from the Ural. Presented by 
W T. Blawfobd, Esq. 

Casts of Qastropod from anmmulitio limestone near Cherra Ponji. Presented by C. E. 
Hudson, Esq. 

IM April, 1875. 
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FbOM IST JaNUABT to 3l8T MUKCH 1875. 
TitleM qf Boohs, Donors, 

Balpoub, J. H.— IntroduotioB to the study of Pakeontological Botany (1872), 8vo., 

Edinburgh. 
Bbnsckb, E. W., & Cohen, E. C.—Geognostische Earte der Umgegend von Heidelberg, 

Blati II, Sinsheim (1874), 8vo., Strasbourg. 
Bbnbdbn, Van, & Gbbyais Paul. — Ost^ographie des C^tac^s vivants et foesiles. Livr. 12, 

with pLites (1874), 4to., Paris. 
Blum, Db. J. R.— Lehrbuch der Mineralogie, Abth. I to II (1878-74), 8vo., Stuttgart 
BuBAT, A.— G^logie de la Prance, (1874), 8vo., Paris. 
BuB4T, A. — Supplement aa oonrs d' Exploitation des Mines, with 20 plates (1874), 8vo., 

Paris. 
Correspondenoe wgarding gold mines in Wynaad, Malabar District, (1874), 8vo., Madras. 

Dbft. Bxy., AeBic, &, Comic 

Damon, Robebt. — Geology of Weymouth and the Island of Portland (1860), 8vo., London. 
Dabwin, C— The expression of the emotions ia man and animals (1872), 8vo., London. 

R. Ltdbkxxb. 
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Titleg of Books. Donors. 

DoBB, Db. Robert. — Ueber das GFestaltungsgeBetz der FestUndBmnrisse and die symme- 

trische Lage der grossen Landmassen. Part 2 (1874), 8vo., 
Liegnitz. 
Emkbich, Db. H. — GeologiBche Geschichte der Alpen (1873) » 8vo., Jena. 
Ebdmakk, £. — lakttagelfler ofver Moranbildningar i Skane (1872), 8vo., Stockholm. 

Thk Authob. 

£tbe, £. J. — Journals of expeditions of disoovery into Central Australia, Vols. I and II, 

(1846), 8vo., London. 
Hall, James.— Natural History of New York, Part VI, Palaeontology, VoL IV (1867), 4to., 

Albany; New York. 
Haubb, F. R. yon. — Die Geologie und ihre anwendung auf die kenntniss der Bodenbes- 

chaffenbeit, Lief I— II (1874), 8vo., Wien. 
Hbathbbinotok, a. — The Mining Industries of Nova Scotia (1874), 8yo., London. 

Thb Authob. 

HuiTT, T. Stbbby.— Gbemical and Geological Essays, (1875), 8?o., Boston. 

KoKiNCK, L. G. DB. — ^Nouvelles Becbercbes sur les Anixnaux Fossiles du terrain carbonif ^re 

de la Belgique, Part I (1872), 4to., Bruxelles. 
Kbbpft, G. K. — Catalogue of tbe minerals in tbe collection of tbe Australian Museum, 

(1873), 8vo., Sydney. 

r*'.^ • The Authob. 

Mastbiaki, F. — L'Eruzione Vesuviana del 26tb Aprile (1872), 12mo., NapoU. 

Page, David. — Economic Geology (1874), 8vo., London. 

Pfaff, Db. F. — Allgemeine Geologie als exacte Wissenscbaft (1873), 8vo., Leipzig. 

Beport of tbe Geological Survey of Obio, Vol. I. Geology and Pabeontology, Part I, Geology 

(1873), 8vo., Columbus. 
Bobenbusch, H, — Mikroskopische Pbysiograpbie der petrograpbiscb wiohtigen Mineralien 

(1873), 8vo., Stuttgart. 
Sadebbck, Db. A. — Ueber die KrystaUisation des Bleiglanzee (1874), 8yo., Berlin. 
Thobpb, T. E. — Quantitative Cbemical Analysis (1873), Svo., London. 
ZiBKEL, F. — Die KrystaUiten von Hermann Vogelsang (1876), 8vo., Bonn. 

PERIODICALS. 

American Journal of Science and Arts, 3rd Series, Vol. VIII, Nos. 47—48 (1874-76), 8ro., 

New Haven. 
' Annates des Mines, 7tb Series, Vol. VI, livr. 4 (1874), 8vo., Paris. 

L'Adminis. DBS Mines. 

Annals and Magazine of Natural History, 4tb Series, Vol. XIV, Nos. 84—86, (1874-76), 

8yo., London. 
ArcbiT fur Naturgescbicbte, Bd. XL, beft 2—3, (1874), 8vo., Berlin. 
Bibliotbdque Univeiselle et Bevue Suisse. Arcbiyes des Sciences Pbysiques et Natnrelles, 

Vol. LI. Nos. 201—203 (1874), 8vo., Genera. 
Bibliotb^que Universelle et Beyue Suisse, Vol. LI, Nos. 203 & 204 (1874), 8vo., Lausanne. 
CoBA, GuiDo.— Cosmos, Nos. 4 & 6 (1874), 8yo., Torino. 

GUIDO COBA. 

Geograpbical Magaane, No. 9, December 1874, and Nos. 14 2, 1876 (1874-76), 4to^ 

London. 
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l^Ues qf Boohs. Honors, 

Geological Magazine, New Series, Decade II, Vol. I, No. 12, and Vol. II, Nob. 1 & 2 

(1874-76), 8vo., London. 
Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. VI, Nos. 6—7 

(1874-76), 4to., Calcutta. 

GOYESNMENT OF InDIA. 

Journal de Conohyliologie, 3rd Series, Vol. XIV, No. 4 (1874), 8vo., Paris. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Series, 

Vol. XLVIII, Nos. 320—323 (1874-76), 8vo., London. 
Mabtiki TJiTD Chemnitz.— -Systematisches Conchylien-Cabinet, Lief, 232 (1874), 4to., 

Niirnburg. 
Nature, Vol. XI, Nos, 267—277 (1874-76), 4to., London. 
Neues Jahrbuch fiir Mineralogie, Geologic, und Palseontologie, 1874, heft 8 & 9, & 1876, ' 

heft 1 (1874-76), 8vo., Stuttgart. 
Novitates Conchologicse, Vorderasiatische Conchy lien, (1874), 4to., Cassel. 
Palseontographica, Band XXIII, lief 3 (1874), 4to., CasseL 
Pete&hann, Db. a.— Geographische Mittheilungen, Band XX, Nos. 11 & 12, & XXI, 

No. 1 (1874-76), 4to., Gotha. 
PoooENDOEFF, J. C. — Annalen der Physik und Chemie, Vol. 163, Nos. 10—12 (1874), 

8yo., Leipzig. 
Professional Papers on Indian Engineering, 2nd Ser., Vol. IV, No. 16 (1876), 8vo., Roorkee. 

CnriL Engineebino College, 

Quarterly Journal of Microsoopicsal Science, New Series, No. 67 (1876), 8to., London. 
Quarterly Journal of Science, No. 46 (1876), 8vo., London. 

Beports of the Mining Surveyors and Registrars for quarter ending 30th June 1874, 

flsc, Melbourne. 

Govt. Mining Deft., Victobia. 

GOVERNMENT SELECTIONS. 

Bombay. — Selections &om the Records of the Bombay Government, No. 140; New Series. 

Papers relative to the Revenue Survey and Assessment of the 
Wagra Talooka of the Broach CoUectorate (1874), 8vo., Bombay. 

„ Selections from the Records of the Bombay Government, New Series, No. 146. 

Papers relative to the introduction of the Survey Settlement 
into the Broach and Ankleshwar Talukas of the Broach CoUec- 
torate, Guzerat (1874), 8vo., Bombay. 

„ Selections from the Records of the Bombay Government, New Series, No. 164 

Papers relative to revision of the rates of assessment of the 
Kharapat Lands of the Alibagh Taluka (1874), 8vo., Bombay. 

Bombay Govbbnmbnt. 

Bbitish Bubma. — Report on the Administration of British Burma during 1873-74 (1874), 

8vo., Rangoon. 

Chief Commission eb, Bbitish Bubma. 

Haidebabad.— Administration Report of the Resident at Haiderabad fot 1873-74 (1874), 

8vo., Haiderabad. 

The Residekt, Haidebabad. 
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TiUet of Books. I>nnan. 

Ikdia.— General Report on the fierenne Sairey operations of the Upper and Lower (Hrdea 

for season 1878-74, (1876), flsc., CSaloatta. 

Thi Bsvaxmi Subybt. 

„ Selections from the Beoords of the Government of India, Foreign Department, 

No. 117. Beport on the political administration of the Bajpntana 
states, 1873-74 (1875), 8vo., Cakntta. 

„ Selections from the Beoords of the Government of India, Foreign Department, 

No. 118, Annual Administration Beport of the Monipoor Agency 
for the year ending 90th June 1873-74 (1876), 8vo^ Calcutta. 

GoTT. OP Ikdia. 

„ Synopsis of the results of the operations of the Gkeat Trigonometrical Survey of 

India, Vols. II & III (1874), 4to^ Dehia Dun. 

Thb Gbbai Tbioonombtbical Svbvbt. 

„ Walkbb, Colokbl, J. T.^<3eneral Beport of the operations of the Great Trigono- 
metrical Survey of India during 1873-74 (1874), flso., Dehra 
Dun. 

Thb Gbbat Tbioonombtbical Svbvbt. 

N. W. Pbovihcbb. Atkiksob, E. T.— Statistical, descriptive, and historical account of the 

North- Western Provinces of India» YoL I, Bandeikhand, 
(1874), 8to., Allahahad. 

<3ovT., N. W. PBovnroBs. 

PuvJAB.^Beport on the administiation of the Punjab and its dependencies for 1873-7^ 

(1874), 8vo., Lahore. 

PVV/AB GtoVBBHKBHT. 

TBANSACTIONS of S0C!IBTI£S, &o. 

Bebliv.— MonatBbericht der konig. Preuss. Akad. der TlHssenschaften zn Berlin, Septem- 
ber and October (1874), 8vo., Berlin. 

Thb Acadbxt. 

„ Zeistschrift der Deutschen (3eologischen Gksellsohaft, Band XXVI, heft 3 (1874), 

8vo., Berlin. 

Thb Socibtt. 

BoxBAT.— Journal of the Bombay Branch of the Boyal Asiatic Society, Yol. X, No. 29, 

(1874), 8vo., Bombay. 

Thb Socibtt. 

Calcutta.— Journal of the Asiatic Society of Bengal, New Series, Yd. XLIII, pt. I, 

No. 4 (1874), 8vo., Calcutta. 
,, Proceedings of the Asiatic Society of Bengal, No. X, December, and No. I, 

January (1874-76), 8vo., Calcutta. 

Thb Socibtt. 

Becords of the Geological Survey of India. YoL YIII, pt. 1 (1876), 8vo. 
Calcutta. 

Thb Svbvbt. 

Duck.— Mdmoires d^ I'Aoad^mie de Dyon, 3rd Series, Yol. I (1873), 8vo., Dgon. 

Thb Acadbht. 
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TUUt if Books. Donon. 

DuBUN. — Tnmsactioiis of the Boyal Irish Academy, Vol. XXIV, pts. 9, 16, and 17 and 

XXV, pts. 1—9 (1870-74), 4to., Dublin. 
„ Frooeedings of the Royal Irish Academy, Vol. X, pts. 1—4^ and 2nd series, Yol. I, 

pts. 2—9 (1867-74), 870., Dublin. 

Thb Acadbxt. 

Gbvbya. — ^Mdmoires de la Soci^t^ de Physique et d'Histoiie Naturelle de Geneve 

Vol. XXIU, pts. 1 & 2 a673-74), 4ta, Geneva. 

Thb Socibtt. 

LoBDOV.— *Joumal of the Anthropological Institute of Great Britain and Ireland, Yols. I— 

III, pts. 1—8 (1871-74), 870., London. 

„ Proceedings of the Boyal Institution of Ghreat Britain, YoL YII, Nos. 60 & 61, 

and List of Members for 1874 (1874), 8vo., London. 

Thb In8TIti7tb. 

Proceedings of the Boyal Society of London, Yol. XXII, Nos. 156 & 166, (1874) 

8yo., London. 

Thb Socibtt. 

„ Quarterly Journal of the Geological Society of London, Yol. XXX, pt. 4, No. 120. 

With List of Fellows for 1874 (1874) 8vo., London. 

Thb Socibtt. 

HAKCBB8TBB.-*Transactions of the Manchester Geological Society, YoL XTII, pts. 6 & 7 

(1874, ^0., Manchester. 

Thb Socibtt. 

MBlBOtTBBB. — McCoT, F.— Geological Survey of Yictoria : Prodromus of the PalsBontology 
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ThS ShaPUB CoAL-FIBLD, with KOTICB of CoAL-BXPLOBATIONS in THB Nabbada bbgioh, 

hjf H. B. Mbducott, k. a., f. o. s., Dqmt^ Superiuiendent, Geological Survey/ of 
India, 

BeotloB 1.— Notice of recent explorstloii. 

w S.— The weeteni ettenrion of the Satpum beelii, 
M 8.— Poflsible ooal-fiulds on the lower Narbeda. 
„ i.'^The Bhapur coal-field. Summary. 

I.^Noticb of bbcbnt bxplobation. 

The qTiestion of the coal*8upply in the Karbada valley has now been for long before the 
pnblic, and is still unsettled. Mohpani is still the only locality where workable coal is known 
to occur ; and the extension of the coal here is as yet nnprored. Since December 1872, explo- 
rations have been carried on in several places under the orders of Government, but so far 
without result. The region to which these remarks apply is the northern portion of the 
great Satpura basin of the coal-bearing rocks, within comparatively easy reach of the Great 
Indian Peninsula Railway. It has long been known that there are numerous outcrops of 
coal along the south margin of the field ; but the distance would greatly add to the cost of 
exploitation. To that ground, however, we must have recourse if our endeavours to find 
coal in a more favorable position prove unavailing. With this in view, a survey was made 
during the past season of the western and more accessible portion of the southem region* 
known as the Betul or the Sh^pur coal-field. 

• 

Before proceeding to describe this field, with the aid of the annexed outline-map, I would 
give a sketch of the explorations up to date. It cannot be' said that any of the experiments 
has proved a failure, because no one of them has attained the full limit contemplated for 
the search. No success, however, can be reported as yet; and in one case some disappointment 
has to be recorded. Having had the entire responsibility of choosing the positions for the 
trial borings, I am, of course, anxious, for the satisfaction of Government, that a right under* 
standing should exist of the grounds upon which I decided : it is so easy after the fact to 
condemn a project as hopeless ; and there are always people ready to take the credit of 
wisdom on such occasions. The data available were never more than could warrant a fair 
possibility of success, as was duly explained at the first. 
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Tke regular mode of proceeding in this investigation would have been to explore the 
measures at Mohpani — to see how the coal-seams behave on this side of the basin to the 
deep of their only outcrop. Information might thus have been gained giving some grounds 
for a definite opinion as to the position and depth of the coal elsewhere ak)ng this region. 
This course was not available, the ground being in the possession of the Narbada Coal 
Company. The interests of this colliery depend Lirgely upon the conditions in question ; but 
as yet little or no light has been thrown upon them — no coal has up to date (June 1875) been 
found beyond the limits of the faults against which the original working stopped. 

Thus the attempt that had to be made was not tbat of exploring a known coal-field, but 
to look for the coal-measures in a great series of formations where it was known they might 
occur. The explorations proposed were of two kinds : one depending upon the unknown 
limits of tlie rock-bsudn itself ; the other upon the unknown lie of the coal-measures within 
the known area of the basin. 

So far as appears on a geological map, the northern limit of the rocks with which the 

coal-measures are associated would approximately correspond with 
TanI?l7the''N.ibadif ""^"^ ^^^ slightly irregular line indicating the southern edge of the 

alluvial plains. Along certain portions of that line narrow outcrops 
are seen of metamorphic rocks ; and whei-e these appear, the continuity of the younger rock- 
basin is, of course, cut off. There are, however, wide gaps where no older rocks appear, where 
the valley-deposits rest against the coal-bearing formations. It was for a time supposed that 
the junction of the sandstones with the metamorphic rooks occurred along a great fault, by 
which the newer rocks were thrown up to the north and removed^ Were this so, we should 
be entitled to draw a fixed fault-boundary to the possible coal-bearing ground across those 
gaps between the existing outcrops of the metamorphics. From a careful study of the rock- 
junction where seen, I came to the conclusion that no great line of dislocation could be 
proved : the actual contact of the two rock-series was almost everywhere found to be the 
original one. I even got remnants of the younger strata on the north flanks at the same level 
as on the south of the narrow ridges of metamorphics. It thus becomes apparent that the 
gaps in the present boundary, where the alluvium laps against the sandstones, may only 
represent bays in the original edge of the basin of deposition of the coal-bearing formations. 
A full discussion of this question is given in my last report upon this ground ; it can only be 
by a revision of that discussion that the exploration for coal in these blank areas can be shown 
to be unwarranted. 

The Mohpani colliery, on the Sitariva, lies in the centre of one of the longest of these 
blank portions of the boundary. Almost the last rock seen in the river is the coal, in full 
strength, underlying steeply towards the plain. An attempt was made to work the coal 
here, but it was found to be too much broken and crushed to be worth extracting. It was to 
the north of this position that I recommended borings to be made in the alluvium, close to 
the branch railway, where coal, if found, would be very favorably situated. There were 
of course, other doubtful oondilions besides the principal one already indicated: the bay may 
have been there, and yet the coal deposits have found small place in it : or whatever had 
found place there may have been to a great extent cleared out by the excavation of the 
hollow in which the alluvium now lies. The probability, such as it is, of coal existing under 
any considerable portion of the immense area covered by the alluvium seemed sufficient to 
warrant some outlay upon the search. Boring was attempted at Gadarwara station and at 
Sukakheri, at ten and four miles from the boundary. The former trial broke down at a depth of 
251 feet. The hole at Sukakheri was earned to a depth of 491 feet, yet without piercing 
through the valley deposits. Both these trials were started when boring implements were 
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deficient ; and although I gave 500 feet as a possible thickness for the alluviam, i certainly 
expected rock to be struck at a less depth ; thus the borings were not began on a sufficient 
scale for suob a depth where piping had to be nsed throughout* 

There was nothing whatever for a positive opinion that the superficial deposits would 
be so deep. The Narbada ffows on the north side of this broad plain ; and within comw 
parathrely short distances throughout its coune it touches rock, leaving the valley through 
a narrow rocky gorge 100 miles to west of, and at a level about 200 feet below, the surface at 
Gadarwara. This gorge is the lowest lip of the rock-basin of the actual valley ; for the 
watershed on all sides is on rock. We have thus at least learned from this Sukakheri boring 
an interesting geological fact regarding the depth of the pleistocene vaUey. 

A complete prognosis of the case would involve also the consideration of yet another, 
great valley of excavation in the same area, but regarding which our information is still 
more obscure. The valley occupied by the pleistocene deposits was to a great extent cut out 
of the great trappean formation, which had filled up a previous valley to the full level of the 
highlands on the north and south. Both to east and west of the Sitariva bedded trap is, at 
several places, the last rock seen passing under the alluvium at the south side of the valley. 
Locally, too, it is underlaid by thin fresh-water deposits supposed to be of upper cretaceous 
age. That pre-tertiary valley to some extent corresponded with the existing feature, being 
principally bounded by the Vindhyans on the north and the Mahadeva hills on the south ; 
but it is improbable that its line of discharge was the same as that of the present Narbada. 
Regarding its possible relative depth there is no certain clue ; but there is nothing to suggest 
its having been great in the Sitariva region, oMer rocks being seen at many places to east 
and west. There were some symptoms that the boring at Sukakheii was approaching -a 
bottom of this kind ; the last samples of day brought up were mueh charged with granules 
of iron oxide as if from a lateritic layer which is frequently found coating the trap. 

The discovery of the great depth of the sur&ce-deposits at Sukakheri is, no doubt, a 
check to our hopes of finding the coal-measures within easy reach in this neighbourhood, and 
may therefore divert the press of exploration to other points \ but, of course, the question of 
the existence or not of the coal-bearing rocks in this position is quite untouched. The argu- 
noent on this point stands just as at the beginning ; and unless before long coal is found 
under more favorable conditions elsewhere in this Satpura region, I would certiunly recom- 
mend the prosecution of the search here. The actual position might be shifted to Gagarola* 
a village a nule and a half south of Sukakheri. I went clear to the north in first choosing 
a mte, to avoid coarse gravels in the coveritlg deposits near the hills, and to get well beyond 
a known region of disturbance in the coal rocks, should they be found. 

The other class of exploration is directed to find the coal-measures within the known 

rock basin. On the south side of the basin the outcrop of the 
^^^ploraUoa in the hiU- measures is nearly continuous from east to west. The hope of 

finding them on the north side is based upon the single outcrop 
on the Sitariva, and upon the fact that very generally they are closely associated with the 
Talchirs, and these are found at several places along the north boundary. The reasonable 
conjecture is, that the coal may bo more or less continuous throughout the whole basin, 
beneath the covering Mahadeva rocks. For a short distance west of the Sitariva the Talchir 
rocks, and even the coal-measures, are traceable ; their manner of disappearance in this diree- 
tion is not seen ; the nearest section is very obscure and greatly afiected by trap dikes. 

In the first complete section exposed, in the Dudhi and east of it, younger rocks occupy 
the whole ground up to the boundary with the metamorphics. When next the lower mem- 
bers of the series come to the surface along the boundary, the Talchir group alone is found, 
overlaid by younger rocks than the coal-measures^ the latter being completely cut out, or 
* overlapped.* 
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In eiplorations of this nature it is commonly the caae that some approximation can be 
made towards computing the depth at which the object should be attained. The simple 
general rule is — from the proposed point of experiment to follow the descending section 
directly across the strata to the outcrop of the bed sought for ; and then, from the surface 
distance and the mean dip of the rocks, to calculate the depth from the sur&ce at the required 
point. Were this rule to hold good in the present case, the coal would be hopelessly out of 
reach where we are now seeking for it. Throughout this whole central area of the rock 
basin, the strata have a very constant northerly slope to within a short distance of the north 
boundary, where, according to the above rule, the depth to the measures would be enormous. 
The rule, however, works upon the assumption that the beds continue to the deep as they 
appear at the surface ; and it is quite certain that this is not the case with the rocks we have 
to deal with here. They are for the most part massive, irregular sandstones ; and it is 
demonstrated that not only individual beds, but whole groups of beds, die out to the deep and 
are overlapped before reaching the north side of the basin. There is no law known, or in 
the nature of the case possible, for such a mode of extinction and succession of stratified 
deposits. Their distribution depends upon the local physical conditions at the time of their 
formation, the only evidence for which conditions is to be found in the deposits themselves. 
Thus, there can be no reason assigned why the coal-measures themselves should not also die 
out to the north, they being composed of thick sandstones not unlike those above them. 
The hope that such is not the case rests upon the features along the north boundary, as 
already noticed. 

The fiicts bearing upon this class of explorations have also been given and discussed in 
some detail in my last report on this ground ; but from the forgoing brief remarks it can 
be seen that these trials, though under such very different conditions, are of a scarcely less 
precarious nature than are those in the open valley. It may also here be understood that 
any offhand opinion on the point can be of no value, unless in so far as it may be based upon 
reasons such as those indicated. 

In selecting sites for these borings, I gave, as for the others, a wide berth to the known 
difficulties close to the general boundary of the field ; such as, firstly, the greater disturbance 
of the strata, often with trappean intrusion ; secondly, the coarsely conglomeritic character 
of the Mahadevas in this zone, which has proved so obstructive to borings at Mohpani ; and 
thirdly, to give a better chance of getting below the known overlap. To these considerations 
the surface features added other inducements. On the east and west of the basin, two wide 
open areas are presented in the valleys of the 'Dudhi and the Tawa, separated from the 
plains of the Narbada valley by a narrow belt of low hills. If the Satpura coal-basin ever 
fulfils our reasonable hopes as regards coal, it is in these areas that the industry would be 
established, and here that it should be started. Whether or no coal should be found some- 
what nearer the surface towards the edge of the basin, it would be a duty to ascertain if 
it lay within reach of these central areas where mining must be located if it is ever to 
expand ; but to fulfil this purpose the borings here should be carried to the full depth at 
which there would be any prospect of mining being profitably carried out. Upon this 
point my knowledge and experience scarcely entitie me to an opinion : I should say conjectur- 
ally, that supposing coal to be present, it would pay better in tiie long run to work it 
at 150 fathoms in the centre of the field than at 60 fathoms near the margin. 

In commencing operations, preference was given to the Dudhi area, for the reason that 

the strongest natural outcrops of the coal both to north and south 

were on the east side of the basin. The borings at Ehapa 

and Manegaon were commenced in the middle of February 1874. Both start in the Denwa 

horizon of the Mahadeva series. At the close of the season, on the 1st ^une, they had 

reached the depths of 260 and 242 feet. After the stoppage of the Sukakhcri boring, work 
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was resumed at Khapa and Manegaon on the 16th January 1875. On the 23rd of April 
work was suspended at the Manegaon horing (at 419 feet), the depth now attained necessi- 
tating the constant attention of the European foreman at one horing. At the close of the 
season (15th May) the hole at Khapa was down to 472 feet. The sections of these horings 
give as yet no hint as to the prospect of finding ooal : the rocks are throughout the same as 
at the surface, purple and greenish clays, alternating with sandstones, either white or tinted 
hy admixture of the coloured clays. In the £hapa hole the proportion of clays to sand- 
stones is 193 to 279, at Manegaon it is 219 to 200. There is nothing discouraging so far. 
I have shown elsewhere that the Pachmari sandstone (lower Mahadeva) passes into clay to the 
deep ; and the change to the coal-measures would prohahlj he ahrupt 

On the representation hy the Railway Department of the importance of a supply <^ coal 
_ ^ ., as far as to the west as possible, the trials in the Tawa valley weio 

commenced on the 25th December 1874 at Kesla, and on the 1st 
January 1876 at the Suktawa, under the management of Mr. A. Gardiner, K. b. The latter 
18 entirely in strata of the Damuda formation, on the horizon of the Bijori beds as described 
in this r^on, and nine miles south of the Shapur coal-field. The Kesla boring starts in 
the lower beds of the Mahadevas, somewhere in the Pachmari horizon, so far as can at 
present be determined, four miles due north of the Suktawa boring ; yet, if the structure 
upon which all these trials depend is favorable, if the Barakar coal-measures rise again 
towards the north edge of the basin, they may be nearer the surfiice at Kesla, which is only 
three miles from boundary of the metamorphics. When closed for the season (30th April) 
the Kesla hole had reached to 302' 6", that at the Suktawa to 241'. Clay greatly preponderates 
in the Kesla boring, a hard sandy rock variegated brown and red. The Suktawa rock also 
maintains the same characters as at the surface, alternations of strong sandstone with slightly 
carbonaceous shales. I do not find in them any grounds for a change of opinion regarding 
the original project; the depths as yet attained are no gpreater than might occur at a short 
distance from the outcrop. 

There is, however, already the surety from these borings that mining in this central 
-.- ^ , . . region will have to be deeper than has yet been attempted in 

India. For this reason, and to provide against the by no means 
improbable event of fiulure to reach the coal-measures at all in this position, it is certainly 
advisable to commence trials in other ground. Two projects are open to us : to try for the 
measures close to the north boundary of the basin, in a position analogous to that of the 
outcrop at Mohpani ; and, to commence the exploration of the Shapur coal-field. With this 
view I have selected four sites for trial borings along the north boundary : one on the road 
into the Dudhi vallc}', about seven miles west of Mohpani ; one on each of the roads to 
Pachmari, close to patches of Talchir rocks ; and one at Lokartalai. For the southern region 
I have selected a site near the village of Sonada. One or more of these trials can be carried 
on at the same time and under the same management as one of the deeper borings in each of 
the river valleys, say at Khapa and the Suktawa. 

II.-~ThB WB8TBBN BXTBK8I0N OT THB SaTPUBA BA81N. 

The occasional mention of the probable extension of the coal-bearing series beneath the 
trap to the west of the known Satpura basin, and the fresh demand for coal for the new State 
Bailway starting northwards from Khandwa, led to the request for an examination of the 
line of ground most likely to throw light on the possibility of finding coal in that direction. 
At the end of the season I made a tour to the west of Lokartalai along the direction of the 
north boundary of the basin. There cannot be said to be any immediate practical result, but 
observations have been made confirming and greatly extending the conjecture upon which the 
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hope was bt;8ed : direct evidence has been found of the underground continuation of this 
important series of rocks for some distance beyond the limits hitherto known ; and an identifi- 
cation of Mahadova rocks has been made far to the west on the Narbada near Harwai, which 
opens the question whether some of the so-called cretaceous sandstones along the valley of 
this river to near the coast may not belong to the same much older series, and thns 
be indicators of western coal-fields corresponding with those of the Damuda vaUey on 
the east. 

No observation has hitherto been made (or at least published) of any appearance to the west 

of Lokartalai of rocks closely connected with the coal-bearing series. At page 43 of my last report 

(1872) on the Satpura basin (Mem. Gkol. Sur., Vol. X) a brief notice is given of the western 

part of the northern boundary of the basin. The following remarks are in continuation of 

those there given. It was said that east of Sali the metamorphics are in force along the 

boundary. This was hazarded on the strength of a small outcrop at Sali, and of their forming 

the principal part of the range twelve miles to the east on the high road north of Keshk I 

find, however, that intermediately there is an important section in which the Mahadevas aie 

^ „ . . ^, continuous to the plains. It is south of Zumani in the Narbada 

The ZamAnl Mctiozi. , 

valley, and north of Lalp&ni in the T4wa valley. Along the base 

of the hills north-west of Kesla and Tako the Bagra limestone is in force, with a dip of 90** 
to north-north-west. The overlying sandstone and conglomerate with a k>w dip in the same 
direction form the scarp above. From the large and numerous blocks of trap at the foot of 
the waterfall there is probably an outlying cap of this rock on the hill. The crest of the 
pass north of L&lpani is on the southern ridge of the range, on the run of the high dip, 30^ to 
north-north-westerly, in conglomeritio sandstone overlying limestone. There is probably 
some slip or sudden twist along the north of this ridge, for on the sloping high ground in 
that direction the strong limestone is again in force, with a low north-north-westerly dip. 
On the rise to the outer crest of the pass the overlying sandstone and conglomerates come in 
again. These breccia-conglomerates are splendidly exposed in the steep gorge to east of the 
road. In a spur near the mouth of this gorge there is a small Mahadeo rock-temple in the 
conglomeritio sandstone, having a dip of S*' to north-north-west A little below this the dip 
rises rapidly to 40^, in hardened sandstone distinctly overlying the conglomerates ; there is 
then a band of crushed rock and a trap dike, but within about eighty yards apparently the 
same sandstones are again 30*' to north-north-west, rapidly falling to 5^. The beds that 
come in here are peculiar : a whitish sandstone (which has been a good deal quarried), with 
partings of white shale and a layer of pyritous coaly shale. The character of these beds and 
their stratigraphical position at the top of a long ascending section of the Bagra group 
make it highly probable that they belong to the Jabalpur horizon, the nearest known 
position of which is capping Ch&tar hill sixty miles to eastward. When last seen in the 
stream under Jalpa the beds are quite flat, and end abruptly, with some crushing, trap being 
the next rock seen. This is, perhaps, the most important section we have of the north 
boundary, as it marks so clearly the upheaval of the Satpura area, or the depression 
of the Narbada valley, along it. It illustrates and explains some of the sections to the east, 
especially that on the Anjan (op. cit., p. 37)1 

About six miles east of Lokartalai there is a fine section of the boundary under the 

scarp of Budimai ridge. South of Batki the Bagra limestone 
appears in force in the low ground at the base of the scarp, dip> 
ping at 30° to north-north-west, under the trap of the valley. Along the strike to the south- 
west of those outcrops the limestone disappears, but there is a much fuller section of this 
fringing zone of rocks. They form quite a flanking range outnide the scarp, separated from 
it by a chain of small longitudinal valleys excavated along the broken uuicllnal flexure. 
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between the nearly horizontal beds of the scarp, and the same beds tilting down under the 
])laiDS. Before these beds disappear the dip flattens very much, or even slightly turns up 
to the north, while near the axis of the flexure it is nearly vertical. I did not here detect 
any characteristic Jabalpur rock, but unless faulting interferes with the sequence they 
ought to be represented. The fine Dandiwara sandstone, so much prized on the Great 
Indian Peninsula Railway, comes from the top beds of these inclined strata. Structurally 
this section corresponds with that of Zumani, only the flexure is more marked. It is 
important to remark that in both cases the sandstones reach well to the front of the run 
of the nearest metamorphic rock. The strike of the latter into the anticlinal axis rather 
suggests that they acted as a fulcrum upon which the overlying strata were bent and broken. 

No special disturbance was noticed in the trap on the Moran. In passing to the west- 

,^ X . 1. south-west on the strike of the little rib of metamorphic lime- 

The weswm Inliera. i/»tii»i 

stone soutlt of Lokartalai, at about a mile distance, there is a 

low ridge. A clear section of it is seen in the stream, showing it to be formed of trap, 
with a central band of gray and reddish clay, all having a dip of 60^ to south-south-east. 
In the next stream there is a still better section of this continuous little ridge, just under 
Salei village. The clay band here is calcareous, and is locally full of Physa Prituepii, 
the common fossil of the intertrappean formation. The dip is the same as before. The 
ridge passes just to south of the village, and immediately north of it there is a strong 
outcrop of hard conglomeritic sandstone, about 30 yards wide, the dip being 60** to 70^ 
to south-south-east. The trap occurs again immediately north of it. This rib lasts for about 
a mile, the intertrappean band being traceable much further. In the Ganj&l at Uskali, 
and exactly on the same strike, there is a stronger outcrop of the same sandstone. It has 
been extensively quarried in the little hill east of the village. The dip here is 46^ to south 
south-east, and in front of it the trap is well seen, although the beds are massive, to have 
the same dip, gradually lowering to 6* at half a mile up stream. The intertrappean band 
is absent in this section. Immediately below the sandstone there is a small obscure section 
of trap. Two miles further, on the same exact strike, at Kupdsi and Jinw^ni, the rib of sand- 
stone appears again, still at 60^ to south-south-east, and just under it at Kup&si there is a 
small crop of metamorphic limestone. This is the last appearance of the sandstone, at 
eleven miles from Lokartaliu. The structural feature, however, is well marked for a much 
greater distance, and exactly on the same strike : south of Padarmati there is an outcrop 
of intcrtrappeans still at 60** to south-south-east ; in the streams at K&thmakhera and 
8inganpur, and better still in the M&chak above Magardha, the zone of high dip in 
the trap is well seen. Beyond this it seems to die out, being scarcely noticeable in the 
Si&ni below Makrai. Magardha is twenty-five miles from Lokartalai. 

The feature just described is a very remarkable one. The sandstone of these inliers 
intanrautlon f them. would seem to belong to the B&gra rocks ; it is quite like the rock 

found near the metamorphics all along the boundary. It is the 
structural feature that exhibits such a change. Even this might have been anticipated in 
kind : the steady south-westerly dip oi the sandstones on the Moran indicates a depression 
of the formations in that direction ; but it was not there detected that the trap participated 
in that disturbance. This fact comes out very forcibly from these western sections ; and 
they give one, too, an idea of the magnitude of the event. For a thickness of quite 1,000 
feet the trap afiects the same steep dip as the sandstones, which must, one would think, 
carry the latter to at least that depth in the ground to the south. This, of course, would 
put the chance of coal indefinitely 6ut of reach in this immediate region ; the horizontal 
extent of the feature being quite in proportion to the vertical magnitude. The geological 
reading of it is very puzzling, especially when it has to be taken from such scattered 
observations as can be made during a single march across the grouud. I can only state 
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the pQEzle 08 it stands. The extraordinary straightness of the feature compels one to 
consider it as possibly connected with faulting. In this connection especially these western 
outcrops must be taken as solidary with the rest of the boundary to the east; for the 
disappearance of the sandstones on the Budimai and Zum&ni sections is exactly on the 
same line. The great contrast, however, in the features of the cross-sections to east and 
west makes it especially difficult to connect both with one and the same master-dislocation. 

Apart from the fact of remarkable continuity and straiglitnetis, the primd facie sugges- 

"Wh thfir fknlted ^*"* ^^ faulting is the same in the east as in the west of the line. 

The abrupt termination, with especial crushing, of the flat sand- 
stones at the north end of the Zum&ni section, with trap at a lower level dose-by in front, 
is strongly suggestive of faulting with northern downthrow ; the only other explanation 
being the pre-trappean origin of the edge of sandstone. Similar close vertical juxtaposition 
of formations occurs to the west : trap is found close to tbe north of the sandstone outcrops, 
and at a lower level, at S&lei and Uskali, suggesting the same northern downthrow, or else 
pretrappean exposure. The rock itself of the western outcrop does not surest any difference 
of throw east and west. Nor is there any excuse for placing the fault (if there is one) 
between the sandstone and the metamorphic limestone at Kupdsi : the sandstone seems to be 
of the same horizon as that occurring at the same level east of the Moran,— a breccia con- 
glomerate, such as is found in natural contact with the metamorphics all along the boundary ; 
and at the Moran this ridge of supporting rock strikes into the axis of the Budimai flexure, 
well to the south of the supposed fault-line. Thus from this more direct portion of the 
evidence, one must, I think, conclude that if there is a fault it is post-trappean, and has a 
southern upthrow throughout. The collateral evidence, with reference to faulting, presents, 
on the contrary, a great difference between the eastern and the western areas. The proof 
of a great post-trappean southern depression by flexure at the edge of the stratigraphical 
basin to the west of the Moran is now beyond question. This, though perhaps not incom- 
patible with a southern upthrow by faulting along the north boundary of the same area, 
certainly does not seem to agree with that supposition. The evidence of elevation, by 
flexure along the same line of disturbance* of the area to the east of the Moran seems 
equally clear, and this would remove the necessity for upthrow by faulting along the northern 
boundary, though not incompatible with the co-operation of such a feature. The certainty 
of the post-trappean age of the western depression might afford presumption that the 
elevation to the east was of the same age, opposite effects in adjoining areas being rather 
the rule than otherwise in crust movements ; but I shall presently in this paper call attention 
to the evidence of extensive disturbance and denudation of the Mahadeva and underlying 
series prior to the outflow of the trap. The fact, as I said, is a very important one ; and 
if it is established at one point on a geological horizon, it must be taken some account 
of throughout. 

m. — Possible coal-jtiblss oh thb Lowbb Nabbada. 

Finding myself at Khandwa, after a vain attempt to discover any further sign of the 

infra-trappean formations along the Satpuras, I devoted a few 

days to visiting Barwai, where so many different rock-series are 

represented within a small area. A combination of favorable circumstances, due to the works 

of the Holkar State Railway now in active progress, put it in my way to add another to the 

list of geological attractions of this ground. 

When the general description of the western Narbada region was published in 1869 
Thp MahAi! hariflD (Mcmoirs, Gcological Sm'vey, Vol. VI, pt. 3), the original conception 

of the Mahadeva formation — that it was quite unconformable to, 
and independent of, the coal-bearing rocks of the Damuda series, and superior even to the 
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R^jmahals — had not been rectified. Mr. Blanford accordingly, in correlating the groups of the 
lower with those of the upper Narbada valley (which he had not seen), affiliated the Lameta, 
and with it the Mahadeva beds of the latter, to the cretaceous horizon of the former area. 
Tliis view has been so far upheld as regards the Lameta group ; but in November 1872 
(Records, Geological Survey, Vol. Y, p. 115), the correction was pointed out as regards the 
Mahadevaa. In making so important a change it might have been thought better to adopt 
a new name, but if that were done the correction would not have been so apparent — the old 
name would have held on in its false connection. Besides, the correction was made in the 
typical area : the Paohmari (Mahadeva) sandstone is now known to hold a middle horizon 
in a continuously superposed series, of which the Jabalpur (Rajmahal) group is the upper- 
most, and the Talchirs the lowest member. The original Mahadeva ground contains four 
well marked groups (Jabalpur, Bagra, Denwa, Pachmari) forming the present Mahadeva 
series. 

The correction just quoted led, of course, to the view that there were no Mahadevas ia 

•r -M u J « n 1 tiie lower Narbada area ; that all the infra-trappean strata there 
True X ahadeyaa at BanrsL . , , , , « , ^ . , i « 

either belonged to, or were closely connected with, the much 

younger cretaceous group of B&gh. The observation I have now to bring to notice is that 
there are true Mahadevas at Barwai, unconformable to the cretaceous beds of that place. 
The proof of this discovery is due to Mr. Moore, one of the engineers at the railway viaduct 
on the Narbada. Mr. Moore has charge of the great quarries opened at Qatta, on the 
upland east of Barwai, on the banks of the Choral, and to which a temporary railway ia 
4aid from the viaduct. In the bottom of a small valley, about a quarter of a mile north 
of his bungalow, Mr. Moore discovered a number of fossil oyster shells in a shallow water- 
course. The ground being quite flat there was no section ; so at my request Mr. Moore had 
a shallow pit sunk, and has sent me the following description :— 

" r 6'' entirely of oyster shells. 

9" Thin bed of conglomerate with fossils imbedded. 
3* 3" Bed of soft white sandstone ; first foot excavated with a pick ; the rest 

harder and distinctly stratified with perfectly level beds. 
4' 6" Thick bed (bottom not reached) of water-worn pebbles and small boulders 
imbedded in stiff yellowish-brown clay or loam." 

From this spot, by sinking shallow pits, Mr. Moore traced the fossil-bed (without 
getting to the end of it) to within 400 feet of the scarped upland, about 80 feet high, 
formed of the massive sandstone in which quarries are opened over a very lai^ area. 
It is a hard white rock with red streaks and mottling. Pebbles (chiefly of Yindhyan 
quartzite) are scattered through it locally so as to form a conglomerate ; but even in the 
clearest sections in the quarries no regular bedding is visible, the strings of pebbles, however* 
indicating that the mass is undisturbed. Well marked joint-planes traverse it in various 
directions. It is a thoroughly consolidated rock, though portions of it are much harder 
than others through infiltration of silica from the once superincumbent trap. No earthy 
layer is found in it ; and along the Choral it is seen resting directly on the nearly vertical 
Bijawar limestone and breccias. 

One could scarcely desire a more distinct case of a wide geological break than is pre- 
sented in this section : the petrographioal contrast is evident enough from the forgoing 
description, suggesting in the strongest manner the necessary distinction of the formations. 
The case for unconformity may not be considered conclusive : a small fault between 
the oyster bed and the scarp to east of it would account for the actual relative positions ; 
a concealed sharp curve in the bedding would have the same effect; or even it might 
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be an originul groat bank of sand with the muddy oyster bed alongside of it. Nothing 
short of an ' artificial cut across the rocks could finally dispose of all these objections; but 
cc>rtainly the fiiTit and most probable explanation is that of original denudation-unconformity. 
The incompatibility of the even approximate contemporaneity of such rocks as these now 
are, indefinitely increases this probability. 

The oyster bed and its associates are characteristic representatives of the Bagh betls 
of this region. All the petrographical characters of the Gatta rock point to its being a re- 
presentative of some member of the Mahadeva series of Central India. I failed, owing to the 
Huli festival, to get to the larger area of similar rocks about Kdtkot. I suspect the greut 
quarries opened there for the works on the ghat are in the same rock as at Gatta. 

The observation I have just explained has a very direct bearing upon the object of my 

^ , trip westward — the possible extension of the coal-fields. It has 

Inference as to coal, ^ «» • i 

/ not been sufficiently noted that the resemblance of the massive 

sandstones of the lower Narbada valley, especially in the Deva valley close to the alluvial 
plains of Broach, as repeatedly observed by Mr. Blanford, is a permanent character, and 
would hold true whatever geological rearrangement the original Mahadeva group might 
undergo; also, that the connecting of those rocks with the overlying cretaceous beds is 
given with great doubt by Mr. Blanford, more because he had not detected any break be- 
tween them, than from any dependence upon their apparent conformability. This missing 
link of evidence has now been found, and Mr. Blanford's original conjecture confiimed. It 
is certain that at least some of the rocks in the Western Narbada area provisionally placed 
with the cretaceous formation are not only lithologically like the Mahadevas, but ai*e strati- 
graphically related to the cretaceous beds just as the Mahadevas of the eastern area are to 
the Lametas. There is scarcely much risk in supposing that the sandstones of the Deva 
valley are the same p>s the Gatta rock ; and if so, the position of the Mahadevas as now 
understood would give a new significance to the fact, suggesting very directly the possible 
or even probable occurrence of the coal-measures. It is not for a moment supposed that 
there are outcrops of the Damudas in the Deva valley ; and no probable guess can be 
made as to the depth at which they are likely to lie ; 2,000 is as likely as 500 feet. 

The prospect would include the neighbourhood of Burwai. No doubt the rock at Gatta 
rests immediately on metamorphics ; but there are like overlaps of the Mahadevas in their 
typical area. The Katkot outlier is also very likely to be shallow. I saw, however, at the 
viaduct a quantity of cut stone of the same description from a place near Akhund, to the 
south-east. It is possible this may be the lip of the basin from which Gatta is an overlap, 
and that coal may be within reach. Of its great value in such a position I need not remark. 
I had sent my camp by forced marches to Bankeri railway station, and had no means of 
going about, having already overtaxed the hospitality of the local officers. 

A general consideration of the case does not discourage these suggestions. The great 
Satpura basin almost certainly had its outlet to the west. Its uppermost strata spread out 
to the east over the gneiss at the watershed of the peninsula. It is not unreasonable to 
suppose that to the west as to the east of India an expansion of the lower coal-bearing 
gr6u]>8 took place towards the sea-board, and that the Bengal fields may have underground 
equivalents in the region of the lower Narbada, 

IV. — The Shapue Coal-field. 

In the event of failure to find coal, and in sufficient quantity, on the north side of the 
Position Satpura basin, the alternative will be to take up the most accessi- 

ble position on the southern outcrop of the measures. In anti- 
cipation of this necessity, a survey has been made of that portion of the ground where 
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BQcb trials should be commenced. Throughout the whole length of the basin from 
east to west^ the Barakars are exposed in a more or less continuous outcrop. On the 
east, where unfoHunatelj the coal is in much greater force, the position is quite out 
of reach of present demand in an upland valley of the Pench river, which is a tributary 
of the Wein Gunga, which, as the Prenhita, is an affluent of the Godavery. The head waters 
of the Tawa adjoin those of the Pench ; but they fall rapidly to a much lower level, floiring at 
first in deep gorges, which soon open out into broad undulating plains. This brofid valley 
of the Tawa, though containing some large patches of flat alluvial land, is for the mosi 
part barren, rocky, and uneven. The high road between Hosungabad and Betul crossing it 
from north to south is decidedly a rough one. 

The annexed map represents a portion, about twenty miles long, on the southern and 
^ western borders of this valley. It is taken from sheets 6, 7, 18, 

and 13 of the Topographical Survey. The topography is very 
far from being as accurate as is required for close geological work, but for present purposes 
it will suffice in the hands of any one in the least fitted to look after coal. The boundaries 
of tbe coal-measures are about as close as the transitional character of the formations admits 
of. The other geological features are accurate so far as given, but a good deal remains to 
be done in the way of following out trap dikes, quartz reefs, and like details. 

The first thing to be done is to indicate what rocks constitute the coal-measures, or in 

_ , V * # ft wider meaning, the Barakar group. Coal and carbonaceous 

General cnarscten of groups. ° . . 

shale are seen to be confined to a special line of country ; but it soon 
becomes apparent that the rocks containing them are not constantly separated from the ad- 
joining rocks by any sharply defined features, that in fact, the measures only form a zone, 
horizon, or group, in a closely connected stratigraphical series. The demarcation of fixed 
boundaries thus becomes a matter of much difficulty, and must be accepted subject to cor- 
rection. In the absence, or very rare occurrence, of fossils, the problem has to be worked 
out conditionally from lithological and stratigraphical data. 

The whole rock-series is composed exclusively of sandstone and clays, the former greatly 
preponderating, except at the base. The character of the bedding throughout is massive, 
and, as is then generally the case, irregular. It is only in the most general way that either 
rock can be s£ud to prevail in any particular zone. There are, however, some types of com- 
position and of texture more or less characteristic of different portions of the series, and it 
is upon these that the discrimination of the several groups in a great measure depends. 
Throughout a great thickness of strata at the base the sandstones are very fine-grained and 
of a pale greenish-yellow tint ; the clays are hard, splintery, and silicious ; both often enclose 
large erratic blocks and other d6bris, forming coarse conglomerate, generally with a large 
preponderance of matrix. These beds form the Talchir group. Above this comes the coal- 
bearing zone, the Barakars ; in which the sandstone is generally white, somewhat coarse and 
gritty; the clays being shaly and carbonaceous. The sandstone of the next overlying 
band of the Motur horizon is softer than that of the coal-measures, more earthy and of 
mixed composition, and having corresponding gray, brown, and greenish tints ; the clays are 
lumpy, sandy, and ochrey. The distribution and the rektious of these groups will appear, 
from the description of the local sections. 

The difficulty of demarcating the several formations is much increased by the disturb- 

« ^»*» * ji * u ances that have affected the whole series, producing intricacies 

Conditions of diatorbance. . T i • 

m the boundaries very troublesome to make out where the pri-> 
mary characters of the groups are so undecided. The dips are not often high, but they vary 
much ; and faults are numerous, some having a great throw. There are also many trap 
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dikes and quartz veins or reefs. These are seldom connected with actual dislocations of the 
strata^ but they often disguise the mineral characters of the rook, and thus obstruct the 
identification of isolated outcrops. 

« 

The south boundary of the area under notice is the base of the sedimentary series, — ^the 

junction of the Talchir group with the gneissic and schistose rocks 
forming the highland of Betul. For the most part the contact 
occurs in the low ground along the base of the hills of crystalline rocks. It forms an exceed- 
ingly indented outline, being in fact the intersection of two very irregular sur&ces — ^the 
present ground surface with that of the original floor of deposition of the Talchirs. The 
actual contact is frequently exposed ; nowhere better than in the Phopas (at the south-east 
corner of the map) : the gneissose schists are denaded in the bed of the river, and for several 
score yards along the left bank the Talchir boulder clay is seen resting flatly on a rough, sharply 
weathered, ancient surface. At some points thb boundaiy seems to be a faulted one, as in the 
section of the Amdhana stream at the south base of the Bhaorgarh ridge ; the contact here is 
very steep and crushed, and is moi'eover on the run of the Machna, north-east to south-west^ 
fault. In the west, at the head of the Bhoura and SdHi valleys, the Talchirs rise to a consi* 
derable height, forming the upland about Kota, between the Bhaorgarh crystalline ridge on 
the south and the basalt-capped ridges on the north. The formation is splendidly exposed in 
the scarps of this small plateau, west of Mura village. The exact position of the south bound- 
ary has only been fixed at a few points of our area, the intermediate portions being left an- 
coloured in the present map. 

The northern limit of the area to be described is an arbitrary line in the great sandstone 

deposit overlying the coal-measures. These beds belong to that 
middle portion of the Damuda series of the Satpura basin indi- 
cated in my former paper as the Motur horizon, in which carbonaceous matter seems to be 
altogether wanting (but reappearing in the overlying beds of the B^ori horizon). The days 
of the Motur group are often slightly ferruginous. 

The Motur-Barakar boundary line is, on the whole, well defined. At several distant 

places, as Dolari and Kosmeri on the Tawa and below Sonada on 
the Bhoara stream, the contrast is very well marked between the 
hard white sandstones of the coal-measures and the softer earthy tinted rocks above. On the 
Tawa below its confluence with the Machna the distinction is not so marked. Some other 
parts of the boundary are onl}^ approximately accurate on account of the covered condition 
of the ground. 

The base of the Barakar group is very vaguely definable as a strict geological horizon. 

The characters of the two deposits are not only blended vertically 
oary. ^^ interstratification, but it would appear as if this also occurred 
horizontally — ^beds of decided Barakar type in one place being represented by as decided 
Talchir rock elsewhere. Thus it may be that the line given is not truly equivalent in differ- 
ent parts of the field. This feature will be indicated in the descriptions of the diflurent 
sections. 

The physical features suggest the division of the area into four portions : on the east a 

great fault quite detaches the Dol&ri out4T0p8 from those lower 

down the Tawa; the great Machna &ult cuts ofi* this secotul area 

from that traversed by the Stiki, and this again is separated from the Sonada outcrops in 

t he valley of the Bhoura by a steep ridge of indurated sandstone along a vein of quartz 

infiltration. 
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Thb Doiabi absa. 

In tlie Tawa under Dolari village there is the fulleflt section of characteristically 

Barakar rocks within this whole district. The steep narrow 
Lodadeo-Baramdeo ridge has a hack-hone of vein quartz, and 
the sandstone is disguised heyond recognition. In the small stream close under the 
north hase of the ridge, thick, soft sandstone and red and green clay have a northerly 
dip of 20^. It would seem, therefore, that the main part of the ridge must he formed of 
these Motur rocks. In the Tawa, to the north, these same rocks have a low south-westerly 
dip. Below the Karia stream, the dip is 3** to south on hoth banks of river for half a mile, 
and then turns up sharply to a south-easterly dip of 20°, lowering to 10^ near the quarts 
vein which crosses the river ohliquely to east-30°-south in the direction of Lodadeo. The 
same roeks, with a more easterly dip, appear helow the quartz reef up to the trap dike which 
crosses the river to south-35°-west, immediately under the eastern village of Dol4ri. The 
dike does not disturh the strata, the same strong hed of mixed earthy sandstone appearing 
ou its west side, where it rests directly on a hed of coal. 

The change of formations is thus lithologicaUy as ahrupt at this spot as it could he ; hut 

the parallelism of stratification is unbroken. The coal is only seen 
just under the sandstone, the rest of the outcrop being covered up ; 
but there is room for a large seam. From beneath it there rises a strong bed of white felrt- 
pathic sandstone. Immediately under this again coal is seen for a small thickness, the rest 
of the outcrop, full twenty f ards wide, being concealed. Below this, for ISO yards, there is 
white sandstone; then again coal. The covered outcrop of this seam is 40 yards wide, in 
which some layers of dark shale can he traced under water, but there is room for much coal 
in the unseen portions. There is then 60 yards of sandstones, and below it 20 yards of 
covered outcrop with coal at top. This fourth seam is also underlaid by strong white sand- 
stone. These 350 yards of section, with an average easterly dip of 12°, represent about 20O 
feet of strata, containing what may he four strong seams of coal. I saw nothing to suggest 
that any of the outcrops are due to repetition by faulting. 

There is a marked change in the character of the underlying measures. The thick 

rough white sandstones are replaced by sharply defined hard 
flaggy beds, very fine in texture and of dull greenish-yellow 
shndev, more of the Talchir than the Barakar type of rock ; but the alternating shales are 
copiously carhonaceous, and with some strings and tbin beds of bright coal. There is more 
diisturhance in these beds, the dip being sometimes as high as 30°, hut in the same easterly 
direction. The thickness is about 100 to 150 feet. 

Below these thin measures there is still a descending section for over half a mile to 
kmIh where a run of quartz crosses the river from north to south. 

The only rocks seen in this reach are thick sandstones, in C4)in- 
position and texture mostly of the Barakar type, though some would pass as Talcliir, 
e8|tecially the lowest bed acyoining the quartz veiu. The intervening earthy beds are com- 
pletely covered ; I conjecture that they are of Talchir type, not carbonaceous. I have, 
however, coloured the whole as Barakar, not to complicate this small area with boundaries 
of doubtful nature and position, as undoubted coal-meabures occur again close by. The 
thickness of these lower beds may bo 600 to 700 feet. 

The qtmrtz vein just mentioned occurs on a broken anticlinal axis ; the silica simply 

filling the many cracks in the fractured sandstone, some central 
faul?* ^^P^ • •action and ^^^ being much stronger than the rest. The reverse dip is seen 

in the indurated rock forming the reef, below which there is a 
blank of some 300 yards to where sandstone appears in force in the left bank at the con- 
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fluence with the Fhop&s. It is a typical Barakar sandstone, and dips south-westerly at 15^. 
This rock forms the left hank of the Tawa for a quarter of a mile. It heoomes much 
crushed and silicified, and is finally cut out hy a run of broken Talchir rock agglomerated 
hy silica. Up the Fhopas, thefb is an ascending section for some 200 yards, the upper heds 
having somewhat the aspect of Motur sandstone ; and they ahut at a moderate angle 
directly against the same crushed mass of Talchirs. There is clearly here a fault of 
very considerable throw. The ridge of crushed and indurated Talcldr rock is about 40 yards 
wide ; and immediately on its south-west side the boulder-clay is quite undisturbed. 

In the small stream running parallel to the Phopas uuder the Lodadeo ridge, and at 

100 yards from the Tawa, there is a two-feet seam of bri<i:ht coal. 
The Lodadeo streun. -1,1 s ^ j >• xi • 1 1 

covered hy strong sandstone and resting on thick carbonaceous 

shale. The dip is 23° to wefit-south-west. For more than a mile in a direct line typical 
Earakar rocks are exposed at intervals up this stream ; the dip is very variable in amount 
and direction. The last outcrop, at west-6°-north from Lodadeo, is a white sandstone, dip- 
ping north-easterly at 15° ; Talchir clay occurring close behind it at the same level. The 
fault here is unaccompanied by any crushing or vein rock. 

The above indicate all the outcrops in the Doldri area. The continuation of the measures 

f^ ^ w^ « 1^ along the south base of Lodadeo has not been followed out. lu 

The Doliii fault. " w • ▼ i^ n 

the stream north of Dolari, I fully expected to find the repetition 

of the main section in the Tawa, the ground between being quit^ flat, with nothing to sug- 
gest a great break in the rocks. At the nearest point, however, just to north of the village, 
typical Motur beds occur, having a low southerly inclination, and continue so to westwards. 
In proceeding down the westerly reach, there is a run of fracture with quartz veining ; 
and the dip increases, through an ascending section of the same sandstones, to within 
800 yards of the Tawa, where it is 30° to south-south-west. The actual rock against 
which these sandstones abut is not exposed in the banks of the stream ; but a little below 
its confluence with the Tawa, there is a good section of one* of the reefs of broken rock 
cemented by quartz infiltration, so frequent in this region. I believe the rock it includes 
to he Talchir; but owing to the small scale of the map, I have not complicated it by 
attempting to represent these small and obscure outcrops. Talchir clay is seen at several 
points with a low northerly dip on both banks throughout the Baspur reach of the Tawa. 
There can be no doubt of the presence of a great east- west fault, having a northern down- 
throw of several hundred feet, hounding the Dol&ri coal-field on the north. Two miles east 
of Dol&ri, at the angle of the stream south-east of Siwanpat, there is an outcrop of broken 
and silicified rock on the exact run of the Dol&ri fault. The whole countiy here north o£ 
the Tawa is deeply covered hy soil. 

, ^ A boring in the gnlly between the two villages of Dolari 

Bite for a boring;. ,. . **„ , r ., . .,^^ # ^p ^, 

ought to cut all the coal withm 260 feet from the surface. 

Ths Machna Absa. 

The Dolari fault is well seen in the Tawa at the bend below Baspur. A mass of crushed 

Talchir rocks indurated by silicious infiltration projects into the 
The Gol&i reach. . ^ r,, j .. ^1 1 A i 1 

nver from the west. Close under it on the left bank, massive 

white Barakar sandstone is seen dipping at a moderate angle from the fault ; but within a 
few yards it turns up to a low southerly inclination which lasts throughout this north- 
east reach of the river, and as far as a pair of strong trap dikes cutting very obliquely 
in a nearly east-west direction, across the Tawa, under Golsu. The sandstones throughout 
this length are decided Barakar, and unless repeated by faulting (of which there is no 
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appearance) . they represent a thickness of 700 to 800 feet. The outcrop is very little in- 
terrupted, hut no coal is seen ; and such earthy heds as are exposed are only slightly car- 
bonaceous, yet nearly the whole group must he here exposed. 

The two great trap dikes south of Golai about correspond with an anticlinal flexure. 

Th siiA f h- ^^ ^^® mouth of the Gonapur stream they are beautifully exposed, 

cutting sharply through a strong bed of fine pale greenish-yellow 
sandstone of decided Talchir character. It contains, however, small strings of bright 
coal ; and the gray sandy clay under it, as seen up stream in the Tawa, is slightly car- 
bonaceous. The low northerly dip of the sandstone is not in the least disturbed by the 
dikes, each about 20 yards wide. The sandstone is continuous down the left bank of the 
Tawa, gradually rising to the west and then to north, where the gray clay rises with 
it. Under this another strong bed of fine sandstone crops up in foix^, ending at a line 
of broken and crushed ground. As in the Dolari area, I have coloured these doubtful 
beds with the Barakar group. Beyond the crush, which may also include a small fault, 
a very typical Talchir rock appears, massive greenish-gray splintery clay with thin 
bands of hard compact limestone ; it is overlaid by thick sandstone like the preceding. All 
have a low northerly inclination, soon becoming quite flat, and then turning up to the 
north. These beds are very well seen in the stream between Silapti and the Tawa, and 
threads of coaly matter are observable in the sandstone. *They end along a marked line of 
fracture crossing the river to we8t-30°-north ; some Barakar-like sandstone occurring im- 
mediately to the north of it, and then there is a blank of fifty yards in the section. 

It would be impossible to follow closely the lines of this Silapti inlier to east or west, the 
ground is so flat and covered with clay. In the stream north-east of Golai only Barakar 
beds are seen, with some crops of very poor coal. The feature north of the Golai dikes is, 
on the whole, a blunt wedge of lower strata exhibiting two flat synclinal folds with inter- 
Tening crush, elevated with fruiting, and throwing off the coal-measures to the south and 
norlh. 

To the north of the blank in which the last section ends, thin-bedded measures come 

in with carbonaceous shales and poor coal, probably representing 
enmi reac ^^ middle measures of the Dolari area. The dip is at first 

southerly, soon turning over in a flat anticlinal, and the northerly dip lasts up to the con- 
fluence with the Machna. The outcrops are nearly continuous throughout, strong sand- 
stones of undecided character ; the few earthy partings being also uncharacteristic, and but 
faintly carbonaceous. The whole are, however, Barakar. A thin seam of coal occurs under 
the great sheet of sandstone on the left bank, at the Temni ford. I saw nothing to suggest 
a concealed outcrop of strong coal. 

So far, in what might be called the main section through this Machna area, there is 

very small appearance of useful coal deposits. It was from out- 
The Mardanpur outcropi. ^^^^^ .^ ^^^ Machna itfielf under Mard4npur that the large quan- 

tity of coal was taken which gave such satisfactory results in a trial on the Great Indian 
Peninsula Railway in 1873. From the confluence of the Machna and Tawa a great sheet of 
strong Barakar sandstone rises gently to westwards along the bed of the former stream. 
Under Douri a long deep pool has been cut by the water through this rock into an underlying 
earthy bed, which is quite concealed, the same mass of sandstone continuing above the 
pool and extending on the left bank up to where the river bends to the west-south-west 
For a hundred yards or so near the bend the sandstones on the right bank have a consider- 
able north-westerly dip ; and in the bed of the river is visible the crack along which, by 
faulting, this abutting stratification takes place. There must also be a south-westerly or 
some equivalent line of fracture at the back of this upheaved mass of beds. It is at the 
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top of this little section that the ooal seams occur, catting very obliquely across the river 
bed. At every available point of the outcrop, along a length of some sixty yards, coal was 
cut on both sides of the river. The holes are now filled in, and little can be seen. Tliere 
are two seams, the lower one apparently with a strong parting of shale. There did not 
seem to be in either seam room for more than four to five feet of coal. The dip is 90^. At a 
short distance up stream the dip changes to north-east, and continues so up the next, north- 
south, reach. I could not find that the seams are repeated on tjie reverse outcrop. 
There is thus here an oblique synclinal flexure, sloping towards the main fault, and the 
continuity of the coal at this spot is therefore closely limited. The place seems, on the 
whole, very unpropitious for mining operations. 

The next north-westerly sweep takes the river for about half a mile across the main 

fault into most typical Talchir rocks, the massive fine day with 
thin bands of dense, nearly black, limestone. Above this there are 
again Borakar beds, showing an east-west fiat synclinal, sotlth of which a very massive bed 
of sandstone rises to the next bend of the river. Beneath this sock, along the eust-west 
reach, a band of flaggy 'sandstones and coaly shales is very well exposed, and the same are 
traceable for some distance up the gully draining from across the fault to the west. All 
ha7e a moderate northerly dip, and at the head of the island, at the southerly bend of the 
river, they are regularly underlaid by the fine Talchir sandstone. These flaggy measures 
may correspond with those already noticed twice on the Tawa. 

Hitherto we have only seen broken sections between the Barakars and the Talchirs. 

In the Machna the sequence is quite continuous ; and if the 
TheTAlcbiMontheMacbna. ^^j^^ture regarding the identity of the flaggy coal-measures 

here and at Dolari be correct, the contrast between the underlying beds in the two 
sections is striking : at Dol4ri the Barakar type of sandstone prevails, while in the 
Machna, from below the flaggy coaly beds a mile north of Sh&pur, we meet only rocks of 
Talchir character. There is another feature in these beds on the Machna different from 
what is found to the west— the sandstones are in force down to a low horizon in the series, 
alternating with the boulder clay and even containing large erratic blocks itself. From 
the Machna the section was followed to the south boundary up the stream flowing near the 
high road. The moderate northerly dip is remarkably steady throughout, and unless there 
are repetitions by faulting the thickness would be over 2,000 feet. From the top of the 
section there are broad intervals between the successive crops of thick fine sandstone. The 
clays which no doubt occur in these spaces being quite concealed, an important aid was 
missed in fixing a fair boundary for the groups ; the presence of carbonaceous matter was 
thus also not ascertainable. I did not hit upon the clay with limestone which is peculiar to 
the Talchirs, though not confined to a particular horizon. The boundary I have given is 
certainly higher than that taken elsewhere. Locally it is the best marked line in the series, 
and for co^-searching purposes the most suitable. I had not time to work the question out 
more minutely. 

The Machna fault is quite as well marked as those in the Dol4ri area, and has nearly, as 

great a throw. The upland to the north-west of it is almost 
*° * entirely formed of Talchir clay, except the hills north-west and 

north of Shdpur, which are mostiy sandstone, perhaps partiy Barakar. The Barakars occu- 
py the low ground along the river. The run of the fSwlt is very steady ; the bulge appear- 
ing in it on the map may be due to incorrect plotting of the river course. At both points 
where it cuts the Machna there is much confusion of the stratification, with infiltration of 
silica; bat at the only point where I got a view of the actual plane of contact, the. feature 
is very sharply defined. This occurs in a small gully, within fifty yards of the' river at the 
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north-westerly elbow above the Murdanpnr coal crops. The exact line is not traceable in tlie 
covered ^ound north of Doari, nor can it be fixed on the Tawa. It has probably died out 
in that direction, as all these features are clearly connected with the special disturbance of 
the stratification along the margin of the basin. To the south-west the fault is seen at the 
base of the range of gneissic rocks at the mouth of the Amdhana gorge. Its continuation 
up the valley has not been followed out. 

For reasons already indicated, I should not advise any outlay upon an attempt to mine 

. the seams in the detached block of measures south of Murddnpur. 

If there is any continuity in the measures, the seams should be 

found in a favorable position away from the fault-ground. A good site for a boring would 

be on the left bank of the Tawa, a little below the confluence of the Machna. A depth of 

400 feet here would probably prove the whole of the measures. 

The Suei abba. 

The east end of this portion of the field, about Bhumkadhana and Eosmeri, is hopelessly 

concealed and obscure. From isolated outcrops and the frequent 
occnrrence of vein quarts, it is plain that the stratification is much 
disturbed. On the left bank of the Tawa at Kosmeri there is typical Barakar sandstone, 
and on the right bank as typical Motur rock. At a few feet from the base of this latter 
group there is all along this portion of the boundary an extensive exhibition of trap rock, 
appearing generally as a sheet-dike along the outcrop of a massive bed of rusty clay. This 
character is well displayed in the Loh&r river, where there is a wide spread of the sandstone 
covering the trap at a low angle, and broken and altered by it. 

In the Suki itself there is an unbroken section, including apparently the whole Barakar 
. group ; and if it is so, the promise of coal is very poor indeed, 

there being no seam of workable thickness or quality. At the 
very mouth of the river the strong white Barakar sandstone is in force ; typical Motur beds 
appearing a little to north of it on the left bank of the Tawa ; all with a steady northerly 
dip. At top of an irregular earthy parting in this band of massive sandstone, there are 
three inches of platy coal. Up stream, in a short west-south-west reach, under the top 
sandstone there is a flat section of very irregular flaggy sandstone showing ahready some 
Talchir characters. Above this there is a long north-south reach with no strong crop, but on 
right bank the section is almost continuous ; a low northerly dip in soft sandstone and sandy 
micaceous shale. Two of these beds are carbonaceous, with mere strings of coaly matter, 
the associated sandstone being persistently fine, earthy, greenish. From the upper end of 
this reach to the causeway at the road-crossing there are continuous crops of strong fine sand- 
stone with a few thick irregular partings of sandy micaceous shale, faintly carbonaceous in 
strings. The flat reach above the road is along the top of a lower band of softer, finer sand- 
stones, below which the Talchir clays come in with scarcely any associated sandstones. In 
this section the characters of the two groups are run together in a very puzzling manner : 
the Talchir-Barakar sandstones are clubbed in force with interspersed carbonaceous matter. 
The boundary adopted is a very marked one, but manifestly on a lower horizon than that 
taken on the Machna. If the section on the Machna were to be interpreted by the analogy of 
that on the Suki, the base of the Barakars should be taken well to the south of Sh&pur. 

The question of coal in this locality turns upon whether the shales observed become 

Donbtftil prospect of coal c<»l ^ the deep, and whether some of the top measures may not 

here. be suppressed by faulting. I noticed no direct evidence for the 

latter supposition : there is no doubt much quartz- veining along the boundary at this spot, 

but I do not think it is connected with faulting ; such is rarely and indirectly the case with 
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the raaiiy runs of vein-quartz observed thronghoat the district. The conformable succession 
of strata here seems unbroken. There is also little enc()urAp;<ement to adopt the other sup- 
position. I would rather connect tho want of coal here with the other peculiarities noticed in 
the original charactei*s of this formation in this position. 

In the left bank of the Tawa, on the strike of the ridge of indurated rocks separating 
West of tho Stlki ^^ Bhoura and Suki streams, there is an excellent section of tlie 

bottom Motur beds. There are two strong bands of mottled sandy 
clays overlaid by thick sandstones. Tliese latter pass up to form the crest of the ridge 
along the quartz vein. The extension of the Barakai-s along the base of this steep ridge is 
quite covered up by debris. 

The SokjCda area. • * 

The point at which the Motur-Barakar boundary crosses tlie ridge of induration is put 

ill inferentially, from the apparent structure, the rocks of the ridge 
being too much disguised for close identification. The position of 
the boundary on the Bhoura Nadi is well defined. In the reach to south-east of Banddbir the 
massive greenish-brown and mottled purple clays of the Motnr are in force. A lower band uf 
the same appears near the bend of the river to east -by-south of Sonada. To the west, along 
the flanks of* Jamgarh, these bands, if present, are concealed by talus. But I rather think 
they die out to the rise : the sandstone forming the east flanks of the hill are seen to pass 
down into the low ground to the north ; at the high level they are porous and oonglomeritic, 
while low down they become earthy and fine grained. 

The Barakar beds are fairly exposed for several miles along the Bhoura stream, the 
• course of which is very oblique to the strike of the formations. 

For this reason and the doubtful aocuracy of the map, it is im- 
possible to be certain whether two or more of the outcrops may not belong to the same 
seam, or to assign an approximate thickness for this group. It is certain, however, 
that the coal-measure characters are more pronounced than on the Suki. The top I'ock 
is as usual a very strong white sandstone. Under Sonada^ near the top of the long west* 
by-north reach of tho river, two poor strings of coal occur in local partings of this rouk. 
Above Sonida there is a supcession of south-westerly reaches, across the measures, and west- 
north-westerly reaches more or less along the strike. At the northerly elbows between the 
four first pairs of these reaches coal is seen on the left bank under strong sandstone. The 
first two are, I think, the same seam, and also the third and fourth, at a lower horizon. From 
one to two feet of coal is seen in each case ; but there is room for more in the concealed 
part of the outcrop. There are besides several bands of covered ground in tliese sections 
that may contain coal. To the west the whole group passes into the base of the Jamgarh 
range, and is obliquely overlapped by the covering trap which passes across it to rest on the 
Talchirs west of Teter. The firet scarp north of Teter is of coarse Barakar sandstone, 
locally altered by the overlying basalt. 

Here again we find an instance of the mutual accommodation that occurs between these 

two groups : as the Barakar type of sandstone, and with it true 
coal deposits, increases, the Talchir stamp of sandstone decreases. I 
have still left a considerable band of these latter within the coal-measures boundary, so as to let 
it correspond with the continuous line in the Suki area ; taking as top of the Taicliirs the first 
appearance of the massive, fine, silicious clays with thin bands of hard compact 'limestone 
north of Knpa. Beneath this there are still some strong beds of the fine yellowish sand- 
stone. The very massive Talchir clay is deeply weathered out in the broken ridge south 
of Teter, showing the quartz veins passing vertically through it. Lower still the boulder 
deposits are splendidly exposed in the eastern scarp of the Kota plateau, 
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The higli rood (it only deserves the title from the cansewaya and culverts constructed 

across tlie watercoui'ses) passes through the Suki area, which, as 
has heen shown, offers the least promise of coal. For any 
really effective roadway from the north, Sonada is much the nearest and most accessible point 
of the coal-measures. There is no serious obstruction to overcome between it and Dhar on 
the pfeseut road, ybr this reason it is here that a first attempt should be made to prove 
the ground for a workable coal, although the apparent prospect of success may be less pro- 
mtsiug than in the Machua or Dolari area. In choosing an actual site for boring one might 
at first be inclined to avoid the visibly barren ground at the top of the measures at the 
bend of the river just above the village. Yet, as none of the outcrops are very tempting, 
tiie object should be to test the whole measures a little to the deep of the outcrop. With 
this in view I should take up a position immediately to the north of Son^da village. When 
there is such uncertainty as to the thickness of tlie measures it is difficult to assign a depth 
fur a boring. If 400 feet at Souada did not dear all the measures, the remainder could bo 
tested by another shallow boring liaLf a mile to the south. 

Trap. 

The few trap dikes tltat occur are not likely to prove very troublesome. The only one 
seen in the Sonada area is close to the Talchir boundary. There are none in or near the 
Snki section. None is seen either in the Machna. A ten-yard dike stops just short 
of its left bank, at the mouth of the little stream south-south-west of Donri. It is very 
remarkable for its finely developed prismoidal structure. Two small dikes cut across the 
Tawa, just below the mouth of the Machna. A boring here might be placed between 
the two, or below the lower one. Several fine dikes cross the Tawa within this area to 
south. In the Dolari area a strong dike crosses the river immediately above the outcrox) 
of the coal seams. 

The general habtt of tlie trap dikes is to coincide approximately with the lines of 
flexure, and therefore with the local strike of the strata. The great dike at Kamti and that 
north of the Tawa at Kosmeri cut across the strike and parallel to the Machna fault. 
There are some good instances in this field of the tendency of intrusive trap to run out in 
sli'eets at the contact of thick clay bands with strong overlying sandstone. The broad run 
of trax> along the north bank of the Tawa in the Kosmeri reach is a good case of this, as 
already mentioned. There is also a very good example of it in the Talchirs on the Phopas : 
a band of hard sandstone is seen broken or tossed about -upon an underflow of trap. I 
am disposed to think that the cotemporaneous ti'ap said to occur in the Talchirs elsewhere 
is only an exhibition of this phenomenon. 

I have seen nothing to disturb the opinion I have already expressed that all the trap in 
these formations is of the age of the Deocan rock. There is excellent evidence within the 
range of oar ms^ of the advanced denudation of these formations at the time of its outflow. 
The trap forming the summit of Jamgarh is fully 800 feet thick, the top scarp of Motur 
rocks having an elevation of about 2,000 feet. At a distance of little over two miles, in the 
gorge west of Teter, the trap is at the lowest level. The fact oX. there being no infratrap- 
pean deposits in such a position only shows that even then this must have been an upland 
gorge. There is one mode of occurrence of the trap that suggests at first sight an opposite 
conclusion regarding tlie periods of denudation. The best case in point I noticed this season, 
about twelve miles to the east-north-east of Dolari : a very strong dike, traced for several miles 
along the low ground, cuts sti-aight up the west face of Kilandco hill and forms a ridge on 
the summit. It is certain that when this occurred the whole of the present low ground was 
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filled with rock ; bat it is quite open to iSupposition that the filling rock was in great part 
trap. The unqaestionable fact, that the main Narbada valley itself, formed on the south by 
scarps of Mahadeva strata, is re-excavated out of the covering trap-formation — the floor of 
the valley being still of this rock at many places in front of the Mahadeva scarp— removes 
any apparent improbability in such a conjecture as that here made regarding the inner vallies 
of the basin and the pretrappean denudation of the Mahadeva formation. A just estimate 
of this feature is an important factor in our judgment upon the time- relations of the Maha- 
deva series, the top member of which is the Jabalpur (Bajmahal) group, in comparison with 
the Bugh series (cretaceous) in this region ; and also upon the distinction of the Deccan and 
Rajmalial trappean formations. 

QUABTZ-VEINS AND FAULTS. 

The frequent occurrence of strong and continuous quartz- veins is perhaps the most pecu- 
liar featurs of the southern zone . of this rock-basin. Along the 
northern mai^in, where the contortion of the strata is locally 
greater than here, I have not observed a single case of quartz-veining ; and in other basins 
of these formations the thing is almost unknown. There is, however, one marked feature of 
these veins that has long been familiar to us in many parts of India in metamorphic and 
transition rocks — a peculiar pseudomorphic structure, thin shining plates of pearly white 
quartz, either in parallel arrangement or confusedly entangled, with empty interstices. I do 
not recollect noticing this form in vein-stones of other countries ; but in India it seems to 
be nearly universal. The fine lines on these shining plates have suggested that they may be 
after micaceous iron. Stains of iron are common, but there are no signs of any other metal 
in these veins. There is often associated brecciated quartz. 

The whole rock was for long currently designated amongst us as ' fault-rock.' In highly 

contorted and altered strata, where this stone was most familiarly 
known, it is generally difficult to establish the fact of faulting ; but 
in these little disturbed and unaltered deposits the evidence is often complete. From many 
observations made in this field I can say that this rock seems rather to shun a connec- 
tion with faults, as if they were related to opposite results of disturbing action — such as if 
faults occurred along lines of maximum compression and these veins along lines of tension. 
The vein forming the core of the ridge between the Siiki and Bhoura streams is at least 
eight miles long, varying from one foot wide in the Talchir clays to six feet in the sandstones. 
In the masive uusti'atified clays vertical dislocation might not be detected, but there is little 
or no sign of crushing or rubbing alongside the vein, clear sections of which are abundantly 
exposed in the broken ridge south of Teter. In the sandstone it is quite surprising how this 
fissuring of the rock and introduction of foreign matter does not even locally derango 
the moderate dip of the bed : an indurated shell of sandstone of variable width commonly 
adheres to the south face of the vein, to the rise of the dip ; and in this, as well as in the 
strips of rock enclosed by the ramifications of the veinstone, the low northerly dip is uniformly 
undisturbed. The best defined and most continuous of the quartz-runs correspond with this 
description. The few cases where the quartz appears locally near the Doliri and Machna 
faults might bo quoted on the other side ; but besides that these spots are quite local as com- 
pared with the length of those faults, it can generally be seen, as in the Tawa and the Phop&s, 
that the quartz is located in broken flexures adjoining the fault, where no vertical displacement 
has occurred, and does not represent what is properly designated by the term fault-rock ; it is 
simply veinstone. One of the veins which have given rise to the group of sandstone 
ridges north-west of Shapur is seen on the path descending the Amdhana gorge to the 
south, to run continuously into the gneiss as a comb-vein one foot wide. 
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The structure of some of these runs of vein quartz is peculiar : the small veins of which 

the reef is made up are not always coincident with the general direc- 
tion. In the hill north-west of Bhoura the component veins are 
nearly normal to the direction of the aggregate. In the Tawa a^hove Temni the run of the 
quartz rih is east-west, while the veins composing it lie north-east, south-west. It is per- 
haps conceivahle that ' colliding' earthquake waves might shatter the rock in this manner. 

The induration and metamorphism uf the sandstone that occurs in connection with this 

in^sion of quartz is sometimes remarkahle, as it takes the form of 
felspathisation, the development of innate crystalline felspar. I 
noticed this at the contact of the Lodadeo reef in the Tawa. It is important to find it in 
this connection, because the most marked case I found of this form of induration is not 
visibly connected with any veining. It is in the small hills on the Bhoura stream south- 
west of Bandabir. They are formed of sandstone having quite a granite-like hardness ; 
the porosity of the sandstone is not destroyed, nor is the earthy matrix quite obliterated ; 
but bright glassy facets of a felspar are disseminated, manifestly innate ; and it must hold 
the whole in an invisible bond to account for the peculiar hardness of the rock. 

The well-marked faults within the stratified series form another peculiar feature of this 
Fault! * di aio region. We are familiar enough with the word 'fault' in the 

northern region, about Mobpani; but they would be correctly 
termed slips in comparison with the principal faults in the Shapur field, where top Barakars 
or even high Motur strata are brought into contact with middle or lower Talchirs ; in which 
cases the throw must be from 500 to 1,000 feet. 

Notwithstanding the dimensions of these faults, I cannot look upon them as anything 

- , ; ^. but local features, not merely in the literal and obvious sense, but 

Local relationB. , •' , 

as connected with and determined by pre-existing local conditions. 
The Machna, north-east-south-west, fault runs with the crystalline range of Bhaorgarh ; bpt 
I cannot regard them as concomitant effects of elevating action. I rather connect the fault 
with a pre-existing feature of the basin of deposition, of which there scenes to be coincident 
evidence in the marked change in the character of the Talchir strata along that line. 

The only noteworthy instance in India of Barakar deposits occurring at a high elevation is 

on the continuation of these outcrops to the east, in the Pench valley, 
west '** '^ ^^ <^^® ^^ ^^" appealed to as a sufficient refutation of the ge- 
neral remark that the areas of Barakar deposition correspond in a 
recognisable manner with the existing depressions of the peninsula. The objection, however, 
will not hold if it is shown that the apparent exception is due to local elevation ; and there 
seems every probability that such was the case. But for the great faults which set on to the 
eastward from Sh4pur, the coal-measures here would correspond in position with those in the 
Pench. The fault which brings up the coal on the Pench river west of Chendia has, on the 
contrary, its upthrow to the north : here, too, the quartz veins keep clear of the faults. 

The structural features of this region offer a most tempting subject for study. I believe 
it will appear that the limitation of the sedimentax^ basin here is not in any important degree 
due to elevation from the south ; but rather that this present local stratigraphy is connected 
immediately with pre-existing surface features. 

SUMHABY. 

Although the foregoing details are reduced to the minimum required for any one 
who would carry on the investigations described, or even as evidence for any one who 
would study the questions discussed, each of which is marginally noted, it may be well 
briefly to point out what conclusions or opinions have been arrived at. 
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As to coal : the only tan^ble and immediate prospect is, of (H>ur8o» where we are certain of 
the coal-measures ; I think there is a <?ood prospect of coal in the Shapar iield ; if not in the 
Sonada area, then further east, on the Tawa. 

Ilegardin<7 those places where we are searching for the measures themselves, I can onlj 
say that there is a reasonable hope of finding them. In the central area, where tlie deep 
borings are being made, the chief risk is tlint the measni-es are out of reach. In the trials 
along the bonier of the basin the eitra hope is that the measures, if there, have partaken in 
the extension and rise of the Talchir beds towards the northern outcrop ; the extra risk, that 
the boring may be outside the overlap. 

The prospect held out of coal on the lower Narhada is in some ways more precarious, 
the ground being so very far from any known occurrence of the coal-measures ; yet the 
countervailing suggesiion of a probable original expansion of the measures towards the sea- 
board is not without weight ; and the presence of a rock that is known to overlie most of the 
important coal-biisins in India is no small encouragement. Considering the importance of a 
local 8Ui)ply in Western India, the chance ought not to be left untried. 



NOTB ON COALS EBCENTLY FOUND NKAR MOFLONG, KkASI HiLLS, hy F. R. MlLLKT, EsQ. , 

Geological Survey of India, 

On the 19th April 1875, I visited the coal recently discovered neai' Umsaomat and at 
IMdum Hill. 

Two spots were pointed out to me near Umsaomat, one about half a mile, .and the other 
a mile south-east of the village. The coal at both these places is worthless, being ahaly, and 
the seams only a foot thick. 

The following assays have been made of the Di^diim coal, and for comparison of that at 
Maobelaka, the latter seam is that which for some time past has been worked for the supply 
of Shillong with fuel : — 

DMiim nm. Maobelaka. 

Hfffitwcopie water ... ... ... ... 6*0 3*4 

Volatile matter, exclusive of water ... ... 24*6 ao'6 

Fixed carboQ ... ... ... ... 37*8 6^*2 

Asa ..• ... ... ... 9X'0 1*8 



loco 1000 



The Maobelaka coal was taken from the fresh working face of the quarry, while that 
from D^um was from the surface of the weatliored outcrop. The latter coal would pro- 
bably be found considerably better a few feet in. The seam is three feet thick (the Maobe* 
laka coal being 3' 6" to 4' df' ), but the outcrop is at the foot of a perpendicular sandstone 
cliff 16 feet high, from the top of which the hill slopes back steeply for 30 or 40 feet 
more. The hill near the top of which the seam is situated appears to be equally steep 
all along the southern side, so that the coal could not be quarried. If sufficiently good in 
the interior, however, and no better seams should be found in the neighbourhood, it might 
be worth mining on a small scale, as when the projected new road is completed, the 
facilities for carriage from D^dum to Shillong will be considerably greater than those from 
Maobelaka. The roof is good and the seam horizontal, and a few miners could raise 
sufficient coal to supply Shillong. The chief difficulty in the way of opening such a mine 
under native supervision would bo the risk of explosions if it were not properly ventilated. 
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DONATION TO MUSEUM. 

DrBixG Apbil, May anp June. 
Laterite from Pij^eon Island. Limestone from Bittri^par one of the LaccadivcR, and 
Rock specimens from the Vingorla rocks. Pre»ented,by A. 0. Mume, Esq. ^Secretary to 
Government of India. 



ACCESSIONS TO LIBRARY. 

Fbom l6T Apbil to 30th June 1875. 
IWetf of Books, Donors. 

BoNNEY, F. G.— Geolojjy, (1874), 8vo., London. 
DucHATEATJ, J. — Notice sur les Aino, {lS7'lt), 8vo., Paris. 
ExcYCLopJEDiA Bbitannica, Vol. I, 9th Edit, (1875), 4to., Edinburgh* 
GsiKiE, Pbof. — Geology, (1874), 8vo., London. 

„ „ — Physical Geography, (1876), 8ro., London. 

Uelfer, Db. J. W. — The Provinces of Ye, Tavoy, and Mergni on the Tenasserim Coast, 

(1839), reprinted 1875* 8to., Calcutta. 

Goveenment or Ikdia. 
Jbtfbxys, J. G.— British Conchology, Vol. Ill, (1875), 8vo., London. 

Ku^AHAX, G. H. — Valleys and their relation to fissures, fractures, and faults, (1875), 

8vo., London. 

Koch, Db. L.— Aegyptische und Abyssinische Arachniden, (1875), 4to., Niirnbei^. 

Plattneb.— Manual of qualitative and quantitative analysis with the Blowpipe, (1873), 

8vo., New York. 

Rbpobt on the effects of artificial respiration, &c., in Indian and Australian Snake Poison- 
ing, (1874), 8vo., Calcutta. 

SuBasoN Majob Ewabt. 
Rutley, F. — Mineralogy, (1874), 8vo., London. 

Skbbtchly, S. B. J. — Geolog^s (1878), 8vo., London. 

„ ,f —Physical Geogmphy, (1874), 8vo., London. 

ToULA, Db. F. — Kohlenkalk und Ziechstein Fossilien aus dem Homsund an der Slid 

Westkuste von Spitzbergen, (1874), 8vo., Wieu. 

PERIODICALS. 

American. Journal of Science and Arts, Si-d Series, Vol. VIII, Nos. 49 & 50; IX, Nos. 

51 & 52, (1875), 8vo., New Haven. 

The Editobs. 
Annales des Mines, 7th Series, Vol. VI, livr. 5 & 6, (1874), 8vo., Paris. 

L'AXIUINIB. DSg MlNB8« 

Annals and Magaadne of Natural History, 4th Series, VoL XV, Nos. 87—89, (1875), 

8vo., London. 
Archiv fur Naturgeschichte, Band XLI, heft 1, (1875), 8vo., Berlin. 

Bibliotheque Universelle et Revue Suisse, Vol. LII, Nos. 205—207, (1875), 8vo., Lausanne. 
Bibliotheque Uuiveiselle et Revue Suisse. Archives des Sciences Physiques et Naturelles, 

Vol. LI, No. 204, & LII, Nos. 205 & 206, (1875), 8vo., Geneva. 
Geographical Magazine, Vol. 11, Nos. 3 — 5, (1875), 8vo., London. 
Geological Magazine, New Series, Decade II, Vol. II, Nos. 3 — 5, (1875), 8vo., London. 
Hahlby, SYi.yAifus, & Theobald, Wm.— Couchologia ludica, Part VII, (1874), 4to., 

London. 
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* Titles of Books. Donors. 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. VI, No. 8, 

(1875), flso., Calcutta. 

GOYEBNMEKT OP IkDIA. 

Journal de Conchyliologie, 3rd Ser., Vol. XV, No. 1, (1876), 8vo., Paris. 

List of Officers in the Survey Departments on the 1st April 1876, (1876), flsc., Calcutta. 

DbFT. KbV., AOBICDLTUBB & COMMBBCE. 

London, Bdinhurgh, and Dublin Philosophical Magazine and Journal of Science, 4th Ser. 

Vol. XLfX, Nos. 324 to 326, (1875), 8vo., London. 
LuYNBS, LB Dire DB.— Voyage d'Exploration a U Mer Morte, a Petra, et 8ur la Rive 

Gauche du Jourdain, Vols. I & II text, and livr. 19—26 Plates, 

(1875), 4to., Paris. 
Mabtini und Chemnitz.— Conchylien Cabinet, Lief. 233 & 234, (1876), 4to., Numberg. 
Nature, Vol. XI, Nos. 278-291, (1876), 4to., London. 
Neues Jahrbuch fiir Mineralogie, Geologic, und Palawntologie, Jahrg. 1876, heft 1—3, 

(1875), 8vo., Stuttgart. 
Palffiontographica, Band XXI, Lief. 6, (1876), 4to., Cassel. 
Pbtbbmann, De. A.— Geographische Mittheilungen, Band XXI, Nos. 2—4^ (1876), 4to., 

Gotha. 
—Geographische Mittheilungen, Supplement, Nos. 39 to 42, (1875), 

4to., Gotha. 
PoaoEMDOBrP, J. C— Ann.ilen der Physik und Chemie, Band 164, Nos. 1-4. (1876), 

8vo., Leipzig. 
Professional Papers on In^an Engineering, 2nd Ser., Vol. IV, No. 16, (1876), 8vo., Roorkee. 

Thokason Colleqe, Roobkee. 

Quarterly Journal of Science, No. 46, (1875), 8vo., London. 

Quarterly Journal of Microscopical Science, New Series, No. 58, (1876), 8vo., London. 
Reports of the Mining Surveyors and Registrars for quarter ending 30th September 
• (1874), flsc, Melbourne. 

Govt. Minino Deft., Melboubne. 

GOVERNMENT SELECTIONS, &c. 

Bombay.— Report on the Assessment of the Rygur Talooka in the Colaba Sub-Collectorate, 

(1866), 8vo., Bombay. 

Thb Bombay Goveenment. 

Selections from the Records of the Bombay Government, New Series, No. 145. 
" Papers relative to the revision of assessment of certain villages 

in the Nasik Collectorate, (1875), 8vo., Bombay. 

The Bombay Govebkment. 

T«t>TA — Renort on the Revenue Survey Operations of the Lower Provinces from 1st October 
XHDiA. «cin, ^^^^ ^ ^^^ September 1874 (1875), flsc. Calcutta. 

The Revenue Subvey. 

Selections from the Records of the Government of India, Foreign Department, 

'* No. 119. Report on the administration of the Ajmere and 

Mhairwara Districts for 1873-74, (1876), 8vo., Calcutta. 

FOBEIOK DeFABTMEVT, 

Walkeb, Col. J. T,— General Report on the operations of the Great Trigonome- 
*' ' trical Survey of India during 1873-74, (1874), flsc., Dehra 

GBEAT TfiiaONOMBTBICAL SVBVET. 
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Titles of Boohs. ' Donors. . 

India. — Waleeb, Col. J. T.— Synopsis of the results of the operations of the Great 

Trigonometrical Survey of India, Vol. IV, (1875), 4to.. 
Dehra Dun. 

Gbeat Tbigokomstbical Subvet. 
Hadbas. — ^Beport on the Administration of the ])iladi'as Presidency daring 1873-74» (1875), 

8vo., Madras. 

Madbas Gotbbnkent^ 
Mtbobb.— 'Beport on Public Instruction in Mysore for 1873-74, (1874), 8vo., Bangalore. 

Chief Commissionbb of Mtsobb. 

TBANSACTIONS & PROCEEDINGS OF SOCIETIES, Ac. 

Bebliit.— Monatsberichte der konig. Preuss. Akad. der Wissenschaften zu Berlin, NoTem- 

ber to February, (1874 & 1875), 8vo., Berlin. 

The AcADEicT. 

„ Begister fiir die Monatsberichte der k. Preuss. Akademie der Wissenschaften zu 

Berlin, von 1859 bis 1873, (1875), 8vo., Berlin. 

Bebltk Academy. 

Bombay. — Journal of the Bombay Branch of the Boyal Asiatic Society, Vol. X, No. 30, 

(1875), 8vo., Bombay. 

The Society. 

BuFFAirO. — Bulletin of the Buffalo Society of Natural Sciences, Vol. II, No. 2, (1874), 

8vo., Buffalo. 

The Society. 

Calcutta.— Journal of the Agricultural and Horticultural Society of India, New Series, 

Vol. X, pt. 1, (1875), 8vo., Calcutta. 

The Socibty. 

„ Journal of the Asiatic Society of Bengal. New Series, Vol. XLIII, pt. II, 

No. 4, & Vol. XLIV, pt. 1, No. 1, (1874-76), 8vo., Calcutta. 

Ditto. 

„ Proceedings of the Asiatic Society of Bengal, Nos. II — V (1875), 8vo., Calcutta. 

Ditto. 

Dbesden. — SItzungsberichte der naturwissenschaftlichen Gesellschaft Isis in Di'esden, 

Jahrg. 1874, April to September, (1874), 8vo., Dresden. 

The Isis Society. 

Dublih.— Journal of the Boyal Geological Society of Ireland, New Series, Vol. IV, pt. 1, 

(1874), 8vo., Dublin. 

The Society. 

Edi^bubgh.— Proceedings of the Royal Society of Edinburgh, Vol. VIII, No. 87, <1874), 

8vo., Edinburgh. 

The Society 

Transactions' of the Boyal Society of Edinburgh, Vol. XXVII, pt. 2, (1874) 
4to., Edinburgh. 

Ditto. 

Glasgow. —Transactions of the Geological Society of Glasgow, Vol. V, pt. 1, (1875), 8vo., 

Glasgow. 

The Socijsty. 

Lauba9X9. — Bulletin de la Society Vaudoise des Sciences Natorelles, 2nd Series, Vol. XIII, 

No. 73, (1874), 8vo., Lausanne. 

The Society. 
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Titles of Books. Donors, 

LiVEBFooL. — ^Abstract of the Proceeding:* of the Liverpool Geological Society, Sessions I to 

XV (1859-1874), 8vo., Liverpool 

The SociETT. 

„ Proceedings of the Literary and Philosophical Society of Liverpool, Vol. XX VII I, 

(1874), 8vo., London. 

Ditto. 

LoKPON.«-*J9H^ifA Mu^eum,-^k Guide Book to the Exhibition Booms of the Departments 

of Natural History and Antiqaitieti of the British Museum 

(1874), 8vo., Loudon. 

The British Muski^m. 

„ w Catalogue of the Birds in the British Museum, Vol. I (1874), 

8vo., London. 

Ditto. 

„ „ Gbat, Db. J. E.— Hand List of Seals, Morses, Sea Lions, 

and Sea Bears in the British Museum (1874), 8vo., London. 

Ditto. 

„ Journal of the Anthropological Institute of Great Britain and Ireland, Vol. IV, 

No. 1 (1874), 8vo., London. 

„ Journal of the East ludia Association, Vol. VIII, No. 3, (1875), 8vo., London. 

'J'HE ASSOCIATIOK. 

„ Proceedings of the Royal Geographical Society, Vol. XIX, Nos. 1 — 3, (1875), 

8vo., London. 

The Society. 
„ Proceedings of the Royal Society of London, Vol. XXIII, Nos. 157—159, 

(1874), 8vo., London. 

Ditto. 
„ Quarterly Journal of the Geological Society of. London, Vol. XXX, pt. V, 

No. 120. and Vol. XXXI, pt. I, No. 121, (1874 and 1875), 'Svo., 
London. 

Ditto. 
Manchesteb. — Transactions of the Manchester Geological Society, Vol. XIII, pts. 8 A 9, 

(1875), 8vo., Manchester. 

The Society. 
Melbourne. — Smyth, R. B^— Geological Survey of Victoria. Report of Progress, No. II, 

(1875), 8vo., Melbourne. 

The Subvby. 
■^oscou. — Bulletin de la Soci^t^ Imperiale des Naturalistes de Moscon, Vol. XLVIII, No. 2* 

(1874), 8vo., Moscou. 

The Society. 

„ Nouveaux Memoires de la Soci^t^ Imperiale des Naturalistes de Moscou, Vol. XIII, 

livr. 4, (1874), 4to., Moscou. 

Ditto, 

MUKCHEN.— Ahhandlungen der Math. — Phys. Classe der k. b. Akademiedei* Wissenschaften. 

Band XI, Abth. 3, (1874), 4to., Miinchcn. 

The Academy, 
„ Annalen der koniglichen Sternwarte bei Miinchen, Baud XX, (1874), 8vo. 

Miinchen. 

Ditto. 
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IWet of Books. Donors. 

MOncheh.— Eklbnmetbb, Db. Emil.— Ueber den Einfluss des Preiherrn Justus von 

Liebig auf die Entwickelung der reinen chemie, (1874J, 4to., 
Miincbeu. 

The Academy. 
„ Sitzungsbericbte der Matb.— Phys. Classe der k. b. Akademie der Wissenscbaf- 

ten, beO. 2, (1874), Sro., Miiucben. 

Ditto. 
2^EW ZBALAND.--*-Ninib Annual Report of tbe Colonial Museum and Laboratory, 1873-74, 

(1874), 8vo.,New Zealand. 

Thb Geological Subtbt of New Zealand. 
Pabis.— Bulletin de la Sod^t^ Geologique de France, 3rd Series, Vol. I, pp. 441—53:;, 

Vol. II, No. 6, and Vol. Ill, Nos. 1 & 2, (1874-75), 8vo., Paris. 

The Society. 
PHiLADBLPHiA.--Joumal of tbe Franklin Institute, 3rd Series, Vol. LXVIII. No. 6, and 

LXIX, Nos. 1 & 2, (1874-75), 8vo., Philadelpbia. 

The Institute. 
„ Lymav, Theodobb. — Commemorative notice of Louis Agassiz, (1873), 

8vo., Pbiladelpbia. 

Amebicak Academy of Abts and Sciences. 
Rome. — Bollettino R, Comitato Geologico d* ItiJia, Nos. 1—4, (1875), 8vo., Roma. 

Thr Geological Commission. 
Vibnna.— Denkschriften der k. Akad. der Wissenscbaften, Band XXXIII, (1874), 4to., 

Wien. 

The Vienna Academy. 
„ Sitzungsbericbte der k. k. Akademie der Wissenscbaften, Band LXVIII, Abth. I, 

beft 3—6, Abtb. II, beft 3—5, and Abtb. Ill, beft 1—5, 
Band LXIX, Abtb. I, beft 1—3, Abtb. II, beft. 1—3, (1S74), 
8vo., Vienna. 

Ditto. 
„ Jabrbucb der k. Ic. Geologiscben Reicbsanstalt, Band XXIV, No. 4^ (1874), 8vo., 

Vienna. 

The Institute. 

„ Verbandlungen der k. k. Geologiscben Reicbsanstalt, Nos. 16—18, (1874), bvo., 

Vienna. 

Ditto. 

ZUBICH. — Abbandlungen der Sobiveizeriscben palaoutologiscben Gesellscbaft, Vol. I, (187 4\ 

4to., Zuricb. 
„ Neue Denkscbriften der Allgemeinen Scbwel^eriscben Gesellscbaft, Band XXV 

and XXVI. (1873-74). 4to., Zuricb. 
„ Vierteljabrsscbrift der Naturforscbenden Gesellscbaft in Zurich, Jabrg. XVIII, 

beft 1—4, (1873), 8vo., Zurich. 

The Societv. 

„ Neujibrsblatt von der Naturforscbenden Gesellscbaft, No. LXXVI, (1874), 4to., 

Ziiricb. 

Ditto. 
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Part 4.] 1875. [November. 



Mote on the Geology of Nepal,* hy H. B. Mbdlioott, m. a., f. o. s., Beputy Superin- 
tendent, Geological Survey of Lidia, 

Through the kindness of Mr. Girdlestone, the Resident of Nepal, I had an opportunity 
in May last of visiting that very secluded country. It will surprise many to hear that 
although the marches of Nepal run for more than 600 miles along some of the most 
fertile and populous districts of British India, that country is still rigorously tahooed to all 
outsiders, Englishmen included. With the exception of the track to Katmandu, no part of 
that extensive area has heen traversed by civilized man. Even the route to the capital is 
only open to political envoys, and by special favor to invited guests ; and any digression from 
the actual road-way is suspiciously watched. The permitted range of exploration from 
Katmandu is correspondingly restricted : one may go as far as the Trisal-ganga, on the north- 
west, about sixteen miles (direct), and to about an equal distance on the south-east, in both 
cases a short way beyond the precincts of the actual valley. The following observations are 
therefore most scanty, there being no opportunity to follow up and examine features of special 
importance in the general section. They may, however, have some interest as a term of 
comparison between the known ground on the east and on the west, about midway between 
which this section occurs. 

It is necessary briefly to state what the features are with which this comparison is to 
be made. From the Sutlej to the western frontier of Nepal there is continuously traceable 
along the margin of the mountains a zone of variable . width formed of slates and thin 
silicious beds surmounted by sandstone and strong limestone. The latter have been described 
as the Krol group ; the lower horizons being distinguished as infra-Krol, Blini (a thin lime- 
stone) and infra-Blini. They usually form a broad, crushed synclinal ridge at the edge of 
the mountain-area, as at Mussooree and Naini Tal. In the Simla region they extend far 
beyond this ridge into the interior of the mountains , where they become obscured by meta- 
luorphism, theb relation to the gnebs rocks not being as yet satisfactorily determined. In 
Kumaon, at least north of Naini Tal, there is an abrupt change, along a line of trappean 
intrusion, between the range of semi-metamorphio strata and the gneiss rocks to the north. 
It has been conjectured that the Krol limestone is triassic, and the underlying groups palaeo- 
zoic. 



* Within the territories the name Nepal is only applied to the falley of Katmaodtu 
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The eeciion in Sikhim, to the east of the Nepal territories, is petrographically very 
different from that in the Simla region. The schists and gneiss come close to the edge of tlie 
moantains, in some places quite up to it. But in many parts there is a narrow band of 
partially altered strata, which have been fully identified as belonging to the Damuda formation, 
the coal-measures of India, thought to be of upper palaeozoic age. But the curious point is 
that these beds are the lowest and oldest member of the rock-series, conformably underlying 
the Bcbists, and these again passing regularly beneath the gneiss, which forms the greater 
part of the mountains in the Darjiling district. In Sikbim the usual outer ranges of the 
sub-Himalayan hills, enclosing long valleys at the base of the mountains, are not represent- 
ed. The inner zone of sandstone at the very base of the mountains is, however, in force. 

In the Nepal section we find a very complete exhibition of the sub-Himalayan hills, as 
known to the north-west. The Churia Ghati range, in size, structure and appearance is a 
fac simile of the original Sivaliks. Inside it the dun or mari of Etoundah is an excellent 
example of these characteristic sub-Himalayan valleys. And to the north of this, along the 
base of the mountains, there is a flanking range of sandstone, harder, and apparently 
older, than that of the outer hills, just as occurs in the western region. There is still so much 
uncertainty about the grouping and distribution of these sub-Himalayan rocks, that I cannot 
speak confidently as to those in the section under notice. It is quite recognised that there are 
two strong and stratigraphically well separated groups— the Sivalik and the Nahan — in the 
trans- Jumna region ; but considerable doubt has been thrown upon the view I at first adopted 
that the cis-Jumna Sivalik hills belong to the upper group of rocks. Lithologically, 
the resemblance is more with the Nahun than with the Sivalik group. Thus it would 
appear that structural position, even in the case of what is physically a single range, is no 
criterion of the geological horizon of the rocks ; and we are unable on these grounds to 
assume that the Churia Ghati strata are true Sivaliks. Lithologically too, they have small 
resemblance to the typical Sivaliks of the trans-Jumna range. In mere composition they 
are much more like rocks of the cis-Jumna hills, consisting as they do in the lower 
half, of massive gray sandstone, and above of great beds of oonglomeritic gravel. There are, 
however, some points of difference : in the west the cljange from the sandstones to the con- 
glomerates is gradual and alternating ; here it is rapid and complete, from an almost unbroken 
mass of fine grey sand to an equally uniform mass of pale yellowish-brown conglomerate. 
This character can have no significance ; but I was much struck with the very fresh aspect 
of these Churia Ghati deposits as compared with those of the range south of the Dehra-Diin. 
The sand, in solidity as well as in appearance, is scarcely different from that forming the 
chars (temporary islands) in the great riVer beds. I should, perhaps, mention that it is 
several years since I have seen the Sivalik sections, and have since then been occupied with 
much more ancient formations. On one point, however, I will speak firmly : I must at 
present refuse to believe that the Churia Ghati strata can be of the same horizon as the 
sandstone forming the hiUs north of Etoundah ; and so, these being presumably Nahans, 
the former may for the present be set down as Sivalik. 

At the outer base of the range, at Bichiakoh, there are some rusty earthy beds ; and 
all are greatly crushed, locally quite vertical. The dip soon settles down to 30°, to north- 
north-west, maintaining it steadily to the top of the pass. This is the type structure of 
these detached sub-Himalayan ranges, of whatever group composed: the flat half of a 
normal anticlinal flexure. The range is about four miles wide, which would give an ag- 
gregate thickness of about 10,000 feet of rock.* The pass, as is universal in these ranges. 



* It is still necessary to note that this does not imply verticftl sequenc . 
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follows the broad bed of a torrent, to near the very summit, where it turns up a steep gully, 
partly artificial. Here I noticed a strong bed of ochreous clay. A similar rock is very com- 
mon in a like position in the passes south of the Dehra-Ddn. Boulders of from 12 to 20 
inches cube are common in the bed of the torrent, though it is rare to see stones of this sizo 
in the conglomerate forming the clifEs on each side, from which, it would be assumed, all 
must be derived. Near the foot of the steep rise I observed a huge block of quartzite, 
measuring !(/ x 7' X 6*. Reference to it will be made further on. 

In the Rapti, immediately under Etoundah, there are outcrops of the rusty sandy clays 
and greenish-gray sandstone at the base of the section north of the dun. They dip at 60^ 
to north-by-east. Wherever observed along the road, this dip (with slight variation in amount) 
was found constant, and there is but little change in the character of the rock. It is clearly 
an ascending section : clays occur, but very subordinately ; the sandstone becomes somewhat 
softer in the higher beds, and there are here several layers of thin conglomerate. In no 
single feature is there any precise resemblance to the series in the outer range. The strata 
closely correspond with the Nahan group of the north-west, and with that desci-ibed by 
Mr. Mallet at the base of the Sikhim Himalaya. At Etoundah the formation is about a mile 
wide, which would give an accumulated thickness of about 10,000 feet, there being nothing 
to suggest repetition by &ulting or flexure. A blank covered space of fully 100 yards, 
between the last outcrop of the sandstone seen on the road section and the first outcrop of 
the slates, conceals the contact. It is probably, as usual, very steep, if not overhanging. 
Mr. Mallet has adopted for the Sikhim ground the view I put forward regarding this main 
feature of the mountain-structure in the north-west, that it is not primarily a faulted rock- 
junction. There is no sign at the base of the section, nor as a remnant along the junction, 
of any older tertiary rocks that might represent the eocene group of Subathu. The inner 
limit of these sandstone hills is well marked by narrow longitudinal valleys of denudation. 

The first rocks seen north of the tertiary sandstone are some earthy schists, with a 
eroshed dip of 60° to north-by-east, quite parallel in strike to the sandstone. A thin band of 
blue limestone occurs in these beds, and further on a strong band of black schistose slate, 
in which are some irregular vein-like nests of impure carbonaceous matter. All these beds 
within a few hundred feet of the boundary, though decidedly subfoliated, are less altered 
than any rocks to the north of them, and also less highly inclined. They are overlaid by 
more silicious rocks, flaggy schistose quartzite, nearly vertical, or folded in zigzag contor- 
tions. There is again a small appearance of more earthy schist, or possibly a reappearance 
of the former band, for the beds are greatly contorted, although the northerly underlie seems 
constant. A trappoid rock occurs here ; but its intrusive character is not well marked. It is 
the only rock of this kind that I observed in Nepal. The thin quartzites come in again and 
pass up into stronger beds of the same rock, which are overlaid by massive white crystalline 
limestone, all dipping at 70" to 80" to north-by-east. This limestone must be several hundred 
feet thick. The sample I brought with me is not dolomitic. At Bhainsi Daman, where the 
river takes a bend, and above it for some miles, the rocks are much broken and confused. 
Great masses of the white limestone form irregular cliffs on both sides, the underlying rocks 
being concealed by vegetation and valley-deposits. 

It Would seem as if the ascending section from the boundary to Bhainsi Daman here 
passed into a broad, broken and contorted synclinal basin. The east-by-south general strike 
is maintained throughout ; it was observed in some quartzites a mile below Bimphedi, which 
stands at the head of the valley dose under the steep ridge of Ghessa-garhi. This glen of 
Nimbua-Tanr on the upper course of the Bapti is one of the most picturesque I have ever 
seen. 
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Althougk this Chessa-garhi range has a nearly easi-west direction, parallel to the strike 
of the rocks to the south of it, it is formed, at least at this point, of rocks having a widely 
different direction. Even at Bimphedi, at the south hase of the ridge, the strata strike to 
north 35** west. They are again thin quartzites, greatly folded and shattered, hut maintain- 
ing a dominant high underlie to north-east-hy-east. A little below the crest of the ridge on 
the northern descent, the quartzose schists are associated with strong bands of prophyritio 
gneiss, which ifl the dominant rock towards the base. The strike would take it into the 
ridge well within the basin of the Rapti. At the north base of the range the Pinouni 
river flows from the north against this mass of gneiss, and turns away to the east. Just 
above the bend of the river there is a cliff-section showing the crushed condition of the 
gneissic strata, contrasting well with the steady high underlie of the sharply bedded quartzites 
through which the river cuts its way obliquely. The general strike in both rocks is the 
same ; and the whole feature suggests that the gneiss has been formed, and perhaps faulted 
up, along a broken anticlinal axis of flexure. It is near this line of disturbance that the 
copper mines of this locality occur. I was, of course, unable to visit and inspect them ; but 
by a curious coincidence I passed at this very place a number of coolies laden with foreign 
copper for Katmandu, which suggests that the native resources in this metal cannot be very 
great. Here, and at several other places where I saw abundant refuse of old copper smelt- 
ing^, the work seems to be now abandoned. 

From the Sango bridge at Tamba Khoneh, along the Pinouni nearly due north to 
Marku, and then up the Chitlong valley to the north-east, there is an ascending section 
(obliquely) through the sharply bedded quartzites underlying steeply to east-35°-norih. 
Wherever their composition is more earthy, foliation is well marked ; but I did not see any 
gneissic band. Towards the head of the Chitlong valley the strike of the rocks becomes 
more easterly, up to the Chendragiri ridge, where it is east-15°-south ; and the rocks are 
freely calcareous. 

The Chendragiri ridge overlooks the Nepal valley, which is enclosed, except on the north, 
by rocks of the same description as those found here. There is, however, nothing like a 
circular arrangement of the ridges or of the rocks ; the strike of both is most constant, 
between 15** and 25" to south-of-east ; and the form of the valley is consequently most 
irregular— a number of longitudinal valleys, united in a central area by the suppression of the 
ridges, which are in some cases mere spurs running a short distance into the open ; others, 
agsdn, as that of Kirthipur, are nearly continuous across the valley : sometimes, as at Pash- 
pati, the rock appears isolated in the alluvial deposits. The south-west corner of the valley 
divides the Chendragiri from the Phulchok range, on the same strike. Here at Katwaldar, 
the Baghmati leaves the valley through rocky gorge across vertical quartzites. It is a 
moderately sized torrent, the watershed being confined to the lidges immediately surrounding 
the valley, which is only about sixteen miles long from west-north-west to east-south-east, and 
about twelve miles transversely, from Katawldar to the base of the Sheopuri range on iLe 
north. The alluvial area may be about 125 square miles. The elevation of Katmandu is given 
as 4,500 feet. Phulchok on the south-east is the highest summit of the surrounding hills, 
rising to 9,720 feet. 

Excluding the Sheopuri range on the north, all the ridges skirting or abutting into the 
Nepal valley are formed of steeply folded repetitions of one set of rocks, in which, as already 
noticed, a calcareous ingredient is very general. It often appears as limestone, in some force 
and of various degrees of purity. The summit of Phulchok is of thick white crystalline 
limestones. Strong beds are also found on Chendragiri and Nagarjan, both of which are 
synclinal ridges. The pure rock would thus seem to occur chiefly near the top of the seriet), but 
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some siDgle beds are found low down. The schistose limestone of which the monoliths 
of Katmandu and Patun are made is quarried low down on the Eirthipur ridge at Choubal, 
where it is well seen at the gorge of the BaghmatL There are some thin bands of limestone 
also in the gorge at Pashpati. The prevailing rock is a peculiar massive, very fine schistose 
quarizite with a trifling percentage of carbonate of lime, yet to this minimum ingredient is, 
I believe, largely due the physical condition of this mountain zone — its deep erosion, as chiefly 
exhibited in the basin of the Nepal valley. This rock is very prone to decompose, by the 
abstraction of the small calcareous element in it, and, is therefore seldom found in clear out- 
crops. It is well exposed in the little stream at the north-west side of Sambunath. For 
the most part it forms at the surface an ochrey sandy clay. When only partiaUy decomposed 
it forms what might be called a sandstone (freestone). In this state it is quarried at the base 
of Nagarjan for building. 

From the frequent reappearance of similar rocks across a broad zone of more or less 
vertical strata, one might of course presume that there is repetition by folding ; but this 
condition is independently established : both Chendragiri and Nagarjan ridges, and those 
flanking Phulchok, are on synclinals. There would thus seem to be from the Pioouni into 
Nepal a repetition of the structural feature observed in the outer zone along the Bapti 
valley — an ascending section, only aflected by minor foldings, through thinly bedded quartzose 
schists into a broad many-folded synclinal, in which an upper group of calcareoas strata is 
frequently repeated at the surface. There is also sufiScient likeness in the two series to suggest 
that they belong to the same formations, the most marked diflerence being the concen- 
tration of the calcareous element at the top of the southern section and its dispersion in the 
upper part of the northern one. 

I would further venture to suggest that this series may be the continuation of the 
Erol and underlying formations of the Simla region. The flaggy quartzites of the lower 
horizons in the Nepal sections would very fairly represent the thin silicious beds that form 
80 large a part of the Simla slates, or infra-Blini zone. Cases have, moreover, been recorded of 
the Erol limestone being represented elsewhere by more or less calcareous sandstone : a re- 
lation quite analogous to that now suggested between the strong quartzite and limestone of 
Bhainsi Daman and the calcareous quartzites of Nepal. Katmandu is in about the same 
zone of the mountains as Simla and Almora, being only thirty miles in a direct line from the 
plains. There are two points of contrast between the section here and in the Simla region, 
supposing the rocks representative : the contortion and the metamorphism of the strata in 
the latter position are local and partial, whereas in Nepal they are general and more or less 
complete. The limestone on the crest of the Chendragiri pass between Chitlong and Nepal 
is somewhat less altered than usual ; in it I noticed some small facets of spar having a 
central puncture, and which I took to be crinoidal ; but Dr. Waagen could not say positively 
that they were so. 

On the north-north-east side of the valley the alluvial deposits rest against gneiss at the 
base of the Sheopuri range. The white patches so conspicuous along this edge of the valley 
are slip-faces in this rock where it is deeply decomposed. It is a coarse felspathic gneiss with 
much silvery mica and schorl. Its d^ris is a prominent ingredient of the valley deposits 
at Katmandu. On the spur north of Bodhnath and that connecting Sheopuri with Nage^ 
jan, one finds very fine mica schists, first alternating with, and then succeeding to, the gneisb^ 
The compression of the whole is so excessive and the underlie so variable, that it would be 
impossible to conjecture, without very detailed study, what the normal order of the strata 
may be. On neariag Nagarjan the underlie sets towards it; but the flaggy quartzites of 
Chitlong, which certainly underlie the calcareous zone, are not specifically recognbable in the 
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short section between the limestone and the gneiss. In crossing the range northwards, schists 
are frequently observed with the gneiss, always intensely crashed ; bat the general strike 
of the Nepal rocks is maintained. At Chitrali Powah, some height above the north base of the 
range, the gneiss is permanently replaced by schists, which here have a decided southerly 
underlie towards the gneiss. The valley of the Tadi and that of the Trisal-ganga between 
Debighat and the Nyakot sango are in these rocks, variously inclined at high angles, bat 
with an east-north-easterly strike. 

There seems to be scarcely any spteific resemblance between the Nepal section and that 
in Sikhim, beyond the undoubted equivalence of the tertiary sandstones at the foot of the 
range. The slightly carbonaceous band at the base of the section in the Rapti valley cannot 
be directly identified with the coal-measure zone to the east, the associated rocks being 
quite unlike the Damuda sandstone, in which the crushed coal occurs at the base of the 
Darjiling section. Bearing in mind the great distance (more than 200 miles) between the 
two, it is, of course, quite possible that true equivalence may exist, but from simple petro- 
graphical comparisons, the carbonaceous schists of the Rapti would be more like the similar 
rock in Mr. Mallet's Dating series, over the coal band. The chief discrepancy occurs, how- 
ever, in the ascending sections : in one case we find massive limestone, in the other massive 
gneiss. It would be idle to speculate upon the possible- reconcilement of those features 
from such very scanty evidence. One may only notice that although the degree of meta- 
morphism has increased from Nepal to Sikhim (if, indeed, the prevalence of gneiss does require 
this assumption), the degree of disturbance is far less marked in the latter area, judging from 
published descriptions. 

It is truly vexatious to think that the settlement of questions of such wide scientific 
interest should be held in abeyance to gratify antiquated and barbarous official prejudices 
or customs. I met with the greatest civility from the few country-people with whom I 
chanced to come in contact. The obstruct! veness is entirely on the part of those in power, 
who think their own dignity enhanced by exclusiveness. The officials at Katmandu were 
most anxious to obtain from me some useful information regarding a sulphur mine recently 
discovered at the base of Gosain Than mountain, in the upper valley of the Trisal-ganga, 
or rather in the main branch of that river that does not flow from the sacred lake ; but 
nothing: could persuade them to allow me to visit the locality. Their state of enlightenment 
in such matters may be judged from the fact that they imported from England a number of 
Davy lamps to counteract the effects of the noxious gases or vapours pervading the mine, 
but which I could not make out from their description to be of the nature of fire-damp. 
For much formal courtesy received I would offer my thanks to Sir Jung Bahadoor. 

To the foregoing sketch of the older rock formations I would add a few words regard- 
ing more recent deposits. I have said that the Nepal valley contains some 125 square miles 
of alluvial land, but in precise language I am not prepared to say to .what extent those 
deposits are alluvial or lacustrine. They are, on the whole, analogous to the Karewah deposits 
of Kashmir, as partially described by Major Godwin-Austen ; but there is here no present 
lake, however small, to suggest a formerly more extensive water basin. The sacred myths, 
of course, record that the valley was once a lake, and even account in the usual miraculous 
way for iU mode of origin ; so far as I could observe, however, the oldest temples were 
founded during the existing phase of the surface, which is one of arrested erosion of a 
once continuous deposit. The feature all over the valley is fiat uplands separated by broad flat 
valleys, locally called jTdnr and JTAo/a, and corresponding exactly to the Bhangar and JTAod^tr 
of the upper gangetdc plains. There is much artificial terracing where the upland flats pass 
into the rain-wash slopes from the mountains ; but I observed only one regular river terrace. 
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that made by the actual course of the streams. Although, wherever a bend of the channel 
touches the edge of the upland, the side-erosion is still in progress, enlarging the area of 
the khola land, the rivers are not now lowering their bed. If any change is in progress, it 
is the reverse ; the channels are very wide and shallow, and in some places at or above the 
level of adjoining cultivation. Such at least is the case above the gorge at Choubal ; below 
it the channel is more confined, as occurs when a river is deepening its channel in this 
position the upper surface of the valley deposits must be 600 feet above the stream, which 
gives a minimum thickness for the formation. 

There are within the valley three remarkable instances of the rivers having cut deep 
narrow clefts through rock-barriers. The one just referred to at Choubal is the laigest, 
where the united drainage of the main area crosses the point of the Kirthipur ridge. There 
is another much higher up on the Baghmati at Gaokaran, through the point of a ridge 
flanking Sheopuri ; and a third at Pashpati, where the Bishenmati passes through a low 
isolated outcrop of rocks on the strike of the Nagarjan ridge. They are mere clefts, narrower 
than are at all usual in the most confined gorges. One must suppose that the bygone con- 
ditions which produced them were in some manner special, and connected with the produc- 
tion of the alluvial basin ; u e., they can hardly be accepted as remnants of the primitive 
channel of the Baghmati valley, before that simple feature of denudation had been con- 
verted in its upper area into a basin of deposition. 

It may be presumed that the valley of Nepal is a true rock basin — that the rock- 
snrface beneath some considerable portion of the covering deposits is below the level of the 
outcrop at the head of the gorge of outlet. It would seem indeed to comprise a series of 
such basins : if the clefts through the several ridges, as Ascribed in the last paragraph, were 
filled up, this would certainly be the case now ; and that such has been the case there can be 
no doubt, for the beds now forming the adjoining terrace-land above those goi-ges could not 
have been formed had these outlets been then available. Thus the excavation of these 
rook-gorges by the existing rivers accounts for the present features of the valley deposits, 
and gives some measure of the antiquity of those fisatures. 

The fact of a rock-basin, even of considerable depth, does not involve a water-basin. 
This would depend upon the relative activity of the production of the barrier and of the 
accumulation of deposits above it, which cannot be independently determined. The question 
must be settled by observation as to whether the deposits are alluvial or lacustrine, and 
of this the evidence is not very fixed or easy of application. The degree of horizontaliiy 
is one of the best tests, but needs much caution and accuracy in applying it ; the slope at 
which true alluvial deposition may take place being so small, and there being always a chance 
of a very slight movement giving a tilt to originally horizontal layers. There is, indeed, 
sufficient evidence that some such disturbance has affected these deposits in Nepal: at 
several points, south of Bhatgaon and in the EI4twald&r area, along the south side of the 
valley, near the base of the hills, I observed dips as high as 15** in fine deposits, directed 
from the mount^n. I could find no such occurrence in exactly similar deposits along the 
north edge of the basin. It would seem as if the action which originally formed the rock 
basin had been again, or still, at work after the formation of some of the highest beds. 
Hajor Godwin-Austen records a similar feature in the deposits of the Kashmir valley : 
a dip of 20° and upwards on the south and none on the north (Quarterly Journal, Geological 
Society, London, 1864 p. 383). 

There is, however, one observation showing that at many different levels the surface 
at the time of formation was not a submerged one. Beds of an impure peat are of 
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frequent occarrenoe. I noticed them at the lowest levels exposed in the gollies close above 
the Katwaldar gorge, and near the surface of the uplands north of Katmandu, and not 
confined to the edges of the valley. Thin layers of the same kind occur in Kashmir ; but in 
Nepal they are thick, and pure enough to be much used for burning bricks. Such deposits 
are only compatible with swamping, such as is an ordinary concomitant of alluvial con- 
ditions. There is another deposit of extensive occurrence in Nepal, and of which I find no 
mention elsewhere. It is a fine stiff blue-gray clay, which is very extensively used all over 
the valley as a manure. Although it commonly contains particles of carbonized vegetable 
fibre, the little organic matter in it can hardly account for its fertilizing properties. This 
would seem to be due to the presence of phosphate : I noticed that blue specks of vivianite 
are fireely scattered through the clay. 

It will hardly be believed that I obtained no fossils from such deposits as these. I 
never was near a section without having a look out for shells, and I examined several spots 
carefully, without any success. This may be another argument for the alluvial mode of 
formation of the deposits, for certainly this process is not propitious to the preservation 
of organic remains. In extenuation of my fi&ilure I would mention that one of our best 
known Indian naturalists (Brian Hodgson) was for many years Besident of Nepal ; he cer- 
tainly would have at least noticed and recorded the fact had he observed any in the sections 
that confront one in every direction. The case is the more remarkable, since Major Godwin- 
Austen (in 1864) describes land and fresh-water shells as abundant in the Kashmir deposits. 
So at least it is in the south-east side of the valley ; but in his first paper on the subject (in 
1858), derived from observations on the north-west side, he remarks — " in all my wanderings 
amongst the Karewah Hills I never was able to find the slightest trace of a land or fresh- water 
shell in any of the many sections I have examined." I would urge the matter upon th& 
attention of future dwellers in Nepal. The remains of mammalia or of plants would be 
specially interesting ; and both might be expected to turn up occasionally in such beds as the 
peat and the phosphatic clay. 

There is no temptation to attribute the rock-basins of the Nepal vaUey to glaciers. 
Even if it were proven that glaciers had extended to a much lower level, the form and 
conditions here are not such as would result from or account for the existing features 
through that agency. The valley is not in the course of any main drainage line ; on the 
contrary, the watershed is closely restricted to the hills immediately surrounding, none of 
which are of great elevation. The valley is only a local exf^geration of what has occurred 
generally along this mountain zone. I have said that along the strike in both directions 
special denudation has taken place, which I have attempted to account for by the nature 
of the rocks ; and in both directions we find the valleys more or less filled with deposits 
exactly like those of Nepal. The phenomenon is longitudinal with respect to the mountaiii 
system ; and can be rationally understood as the efiect of compression. The local yielding 
might be induced by the special excavation along this zone ; and the effect would be a 
relative elevation of the ridges on the down side, producing rock-basins. It is an illustra- 
tion of a process I appealed to last year in explanation of the cretaceous rock-basins in the 
Garo Hills (Rec. Geol. Surv. Ind., vol. VII, p. 62). 

Although rejecting the intervention of glaciers in connection with the Nepal valley, I 
have been much puzzled with what I took to be glacial evidence elsewhere. Etoundah 
stands in the Dun exactly facing the gorge of the Bapti. The ground all about is strewn 
with great boulders, up to 10 feet cube, principally of coarse gneiss, high and dry above the 
present bed of the river, in which no such blocks are now to be seen. I came to the opinion 
that they must be glacial erratics ; although the elevation of the locality is probably well under 
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1,500 feet Proceeding up the valley I did not notice any snch blocks ap to Nimbuatanr, 
where the bottom of the valley is quite choked with an accumulation of similar blocks. 
These I took to be a later moraine deposit. Above this they become gradually concealed, as 
it seems, beneath lighter detritus, over which the stream runs for some way, and which 
passes into a great fan-deposit stretching across the valley from a lateral gorge on the east 
jost below Bimphedi. Here the main branch of the stream runs upon rock at a much 
lower level, passing by a steeply cut channel along the west side of the valley. No great 
blocks appear in or upon this diluvial fan^ 

The case was not a little complicated at first by the fact that, along the whole valley 
of the Bapti and up to the crest of the Chessa-garhi ridge in which it rises, no gneissic rock 
was observed in place. The first rock of this kind crossed on the road is some way down 
the northern side of the ridge. The strike of the rocks, however, would take this gneiss 
into the ridge east of the road well within the head-waters of the Rapti ; and from this 
source, it must be presumed, all the aforesaid erratics were derived. The highest point of 
the watershed of the Bapti must be under 7,000 feet. 

It would hardly have occurred to me to question the glacial origin of those immense 
boulders had I succeeded in finding any confirmatory evidence of glacial conditions in the 
higher mountain region. If the Eapti valley were ever occupied by ice, the whole country 
to the north must have been in a similar state. Yet I have to record that throughout the 
rest of my trip I failed to find any symptom of such conditions. Thinking that the valley 
deposits of Nepal would be younger than the glacial period, and might cover its most 
characteristic remains, I searched for such at the deepest point of erosion, about Katwaldar, 
but without success. I was more surprised, and should have been so independently of the 
suggestion in the Bapti, to find no signs of glacial action in the Trisal-ganga valley at 
Nyakot This is one of the great rivers, draining from the Gosain Than, a peak of over 
26,000 feet in elevation, and it must now be fed by immense glaciers : yet in a length of 
six miles, from Nyakot to Debt gh&t, I could find nothing to suggest glacial action. It is 
true the same excuse would apply here as in Nepal ; this portion of the Trisal-ganga valley 
is occupied by deposits, well stratified and with peaty layers very similar to those about 
Katmandu, the river only touching rook at a few points ; still it were marvellous that no 
trace should be seen of such a glacier as must have lun here had the ice ever advanced 
to Etoundab. 

Despite all this want of confirmation, I cannot declare finally against the glacial origin 
of the Etoundab erratics. I know that torrents can do wonders in the way of moving large 
masses. But it does not appear that the Bapti can now stir such blocks as these, much 
less pile them together as they are at Etoundab. The great block noticed in the Churiaghati 
pass may be a stringier from the Etoundah rocks, though I could not see any like it on the 
northern slope of the range. 

I trust that these crude notes will be of some service in guiding future visitors to Nepal 
Even incorrect suggestions may lead to observations that would otherwise have remained 
unnoticed. 

H. B. MEDLICOTT. 
Auffust 1875. 
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The Baioabh and Hikgib Coal-fuld, hy V. Bail, m. a., ». o. 8., Geological Survey 

qf India, 

{Second notice.) 

IVTBODITCTIOir. . 

*j!he following aocount refers to the sontli-eastem extension of a very oonaiderable 
tract of coal-measare and aasociated aedimentary rocks which is sitnated in the south-west 
frontier districts of Bengal, and some of the north-eastern districts of the Central Provinces. 
The limits and consequenUy the contained area of this tract are at present imperfectly known* 
but not improbably the latter exceeds 6,000 square miles. To the whole the name south- 
west frontier coal-field might be given ; but for convenience in the description of certain 
portions which admit of separate treatment, such names as Bisrampur and B&igarh — ^Hin- 
gir have been employed in previous accounts. 

The name K&igarh — Hingir was first adopted in 1871 as b^ng less likely to mislead 
than the old name G4ngpur,* no portion of the field being in G^ngpur proper. The exten- 
sion of the coal-field, as ascertained during the past season, has not rendered any further 
change of name desirable, the States of B&igarh and Hingir being sufficiently centrically 
situated in the now known area to furnish a suitable local name ; but the fact that the area 
so indicated is not an isolated coal-field should not be lost sight of. To the west, through 
iJdiptir, the coal-measures or their associated rocks spread continuously to Korba in Bilaspur, 
while to the north, through Sirgnja, the connection is unbroken up to B>ewa and the borders 
of Mirzapur. 

The Talehir coal-field,t though quite detached, is only a few miles distant from the most 
eastern points of our field, and may not improbably have been at one time connected with iL 

The area occupied by that portion of the coal-field to be described in the following pages 
has a very irregular outline. Save for two narrow prolongations which extend to the east of 
the Ebe, it may be said roughly to commence in the angle enclosed between the Ebe and 
Mahanadi rivers a few miles to the north-west of Sambalpur. Thence it spreads in 4 north- 
westerly direction, the southern and south-western limit being defined by a well marked and 
in part faulted boundaiy. On the north-east, for about twenty miles, the boundary has only 
been partially examined, but sufficient is known of it to show that it is of an unusually com- 
plicated and obscure character. Originally it is not improbable that the extension of the Bar&- 
kars was limited by the tolerably regular diff of a low plateau of metamorphio rocks ; but at 
the present time a considerable thickness of a newer series of rooks laps over this boundary 
and forms the hilly and difficult country of northern Baigarh and Hingir, thus concealing the 
edges of the Bar&k&r rocks. 

The reasons for supposing the Barikars not to have extended much further north 
are, that in a line with the bounding, uncovered metamorphics of the north-eastern comer of 
the field, exposures of the same rocks are found at intervals, as we proceed westwards, paving 
the deep-cut valleys between the ranges of upper sandstones. 

How far these upper sandstones stretch northwards through Serapgarh is not known. 
It is possible that they conceal some small detached basins of Bardkars. Thus &r for twenty 
miles of the northern and north-eastern boundary, but for thirty miles further, until Babkob 
on the Mand in Udipdr is reached, no northern limiting metamorphic rocks have been met 
with as yet. 



• Beeords No. 4, 1871, p. 101. All prtfiooi notloei of the field will be found mentioned in thst paper. 
t Deeeribed in Mem. G. S. I., toI. I, 
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In the present account the coal-measare rocks which occupy the valley of the Mand 
and stretch thence to Korha are not described, as they have not been fully examined. 
They extend over a considerable area and contain many seams of coal. 

I. — Gbnsbal Gxoloot. 
The rocks which occur within and in the vicinity of the coal-field belong to the follow- 
ing series and groups :^> 

Metamorphic Series. 
Vindhyan ,, 

Talohir „ 

Damuda ,» 

Bar&kar Group. 
Upper sandstones or Hingir Group. 
Laterite. 
The rocks of the metamorphic and Vindhyan series, which surround and underlie the 
ooal-field« are not described at present, as the examination of them has been limited to the 
immediate vicinity of the field, and no general exploration of them has been yet attempted. 

The Talchir series does not in this area attidn any great thickness. Probably 250 feet 
is its maximum, but this estimate, in the absence of reliable data, is, it must be admitted, 
purely oonjecturaL 

The rocks constituting the Bar&kar group are, I believe, of much less thickness than in 
the Damuda valley coal-fields; but there are no sections which would justify any definite 
statement. 

The upper sandstones, for which the temporary and local name of Hingir group is used 
without prejudice to their future relegation under one of the titles used for similar rock 
elsewhere, may in places exceed 1,000 feet, but that is, I believe, a fair average. It has been 
arrived at from the measurement of horizontal beds from the level of the Bar&kars to the 
tops of the highest hills. 

The thickness of the laterite seldom exceeds 60 feet. Generally it is much less. 

II.^Talchib Sbbies. 

Within the area under description, the rocks which belong to the Talchir series do not 
anywhere attain any vexy great importance either as regards their thickness or the area 
occupied. As to the amount of the former, only an approximate and very rough estimate 
has been offered, no measurable section being exposed. Of evidence of faulting along the 
boundaries, except in the case to be hereafter mentioned, there is none. On the whole, it 
would appear that the representatives of this series merely occupy originally shallow and 
more or less detached depressions in the metamorphic rocks, and before any marked disturb- 
ance or denudation took place, were covered up and overlapped in most instances by the 
Bar&kars. One well marked case, at least, occurs, however, where Talchirs are immediately 
superposed by the upper sandstones, no trace of intervening Bar&kars being found. 

In their lithological characters the Talchirs of this area conform closely to the well- 
known types, as will be seen from the following detailed descriptions. 

For purposes of reference it will be convenient to refer to the several areas of Talchir 
rocks which occur along the margin of the coal-field by the names of the principal villages or 
rivers within their limits. Thus denominated they would stand under the following heads ^-*- 

Sasun — Rbmbjl. This area occupies an irregular strip of country which stretches from 
a few miles east of Sasun* westwards to beyond Bemra, in all for a distance of about 
twenty miles, and with a breadth of from three to six miles. 

* Samm is about tight miles north of Sambalpur. 
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In the neighbourhood of Sasun the rocks are much concealed by alluviam and laterite, 
and the exact position of the eastern boundary is from this cause somewhat nnoertain. Both 
to the north and south of Sasun sbort sections of sandstones and shales are seen. Some of the 
beds of the former are tolerably thick, and one, a bluish-grey fine-grained rock, has furnished 
both building stone and material for vats used in lac manufacture. So far as it is seen, the 
boundary appears to be quite natural, following the irregular edges of the basin of deposit. 
West from Sasun, and on both sides of the Ebe, kterite conceals the Talchirs to a very con- 
siderable extent ; though in this particular section of the country it is not abundant on 
the older rocks. There is sometimes, for seyeral miles together, a most remarkable ooihcidenGe 
between the Talchir-gneiss boundary and the edge of the terrace-like spreads of laterite. 
So much is this in some places the case, that one can follow the boundary with the eye 
from a distance by means of the raised banks of laterite which terminate abruptly at the 
junction of Talchirs and gneiss. Of the cause of thb I am at present unable to offer even 
a plausible explanation, and must therefore confine myself to the simple record of the fact 

The greater part of the bed of the Ebe, where it traverses these rocks, is one unbroken 
waste of sand ; but there is a short section of sandstones and shales, with a dip of 8^ —15^ to 
north-north-east, at the bend near Mangalpur. Here, too, in the bed of the channel, there is 
a boulder bed, the boulders in which are not very numerous nor of large size, but they can be 
seen sticking out of the silt here and there underneath the clear waters of the river. 

In the country to the west of the Ebe so complete is the covering of laterite, that 
exposed outcrops of Talchir rocks are only very occasionally met with. In the eastern 
branch of the Eadam river at Qorgodaand Bodopali, and in the western at Binki and Bolunda, 
there are short sections, and the existence of a spur of metamorphio rocks running into the 
main Talchir area is rendered apparent. Half a mile north of Binki there are seen, in the 
high ground, shales and thin sandstones with a dip of 30^ to north-east which has been 
caused by some very local disturbance. 

At Bemra (Remda of map) there is an inlier of metamorphic rocks whose boundaries 
are much concealed by laterite. From this westwards, the Bar&kars, which first appear over- 
lying the Talchirs at Telunpali, gradually lap over, and before Borkhol is reached all traces 
of Talchirs at the southern boundary have disappeared. This total disappearance is, however, 
probably not exclusively attributable to overlap, as the boundary appears to be a faulted 
one, and a portion of the originally existing Talchirs may have been cut off. In the stream 
west of Dagarmunda the Talchirs for a short distance dip away from the gneiss at an angle 
of 60^ 

A small outlier from this area of Talchirs exists in the valley of the Ebe near the vil- 
lages of Taldi and Terda. The rocks seen are shales and sandstone. 

This area covers something under one square mile, and was in all probability, judging by 
the character of the surrounding country, originally, as it is now, quite detached from the 
main mass. 

KiBABAMA — PuTBAPALi. — Some eight miles to the north of the strip of Talchirs men- 
tioned above, a second spur-like eastern prolongation of the field crosses the bed of the Ebe, 
Although Barakars are the principal rocks seen, indications of underlying Talchirs are not 
wanting at the margins. The fii-st of these is at Kirarama. The principal rock is a boulder 
bed which is exposed at the foot of some small laterite hills to the east of the village. The 
boulders consist of jasper-conglomerate, quartzite, Ac, all of quite foreign origin. The 
boundary here is not improbably natural, the beds appearing to rest against hornblendic 
gneiss, a section of which is seen in the bed of the river. To the south and west the boun- 
dary is much concealed by laterite. 
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Apparently diaconuected from this patch, Talchlrs again crop out from beneath the Bara- 
kan in the bed of the Ebe below Ramesur, where there are green sandy shales with a low dip 
to north-east. Farther east, in the village of Putrapali, sandstones come to the surface. To 
the north-east of that village, in heavy jungle, there is aridgeof pseudomorphic quartz which 
is not improbably connected with some faulting, but I &iled to discover its character owing to 
the laterite covering. South-east from Putrapali, along the boundary, small outcrops of shales 
are seen at various points ; and beyond Burimal, in the high ground, there are some consider- 
able lenticular masses of limestone included in the beds of silt. Further east from this, de- 
tailed examination was not continued, but Talchir rocks were observed at Bursipali and 
Burimoul 

Bajfitx. — On the northern boundary of the above mentioned spur, Talchir rooks appear 
in ihiQ vicinity of Bajpur, especially in the Godadianearits junction with the Baisunder, where 
there is a short section of shales and boulder bed, the latter resting naturally on gneiss. lu 
the Baisunder, too, close to the junction, there are some sandstones with a dip of 6° to the 
south-west. In the bed of the Ebe the rocks are for the most part concealed by sand ; 
but at Degam, on the western bank, there are short outcrops of shales and sandstones. 

To the south-east, at Singaboga, some fine sandstones and shales are exposed, otherwise 
there are no other outcrops, and it would appear that at Ohaltikra the Talohirs are completely 
overlapped by Bar4kar8. 

Gasganbal. — Further north a narrow strip of Talchirs occurs on the boundary near 
Garganbal. The lowest bed is generally formed of arkose, as I found to be the case a little 
further north at Eosira on the Baisunder.* It rests naturally on the gneiss. 

Saubulfubi. — Passing now to the southern boundary of the field, a narrow strip of 
Talchirs is met with between the villages of Jamga and Laka. In some places, as to the 
south-west of Badpali, they dip away from the gneiss at a high angle. Sambalpuri is situated 
at about the centre of the area, and in its vicinity are the best sections. In some the 
beds dip at a high angle from the boundary. 

A little beyond Laka these rocks are overlapped by Baiikars, which are again, them- 
selves, covered up by the upper sandstones. 

Still further west is the area which may be conveniently indicated by the name of the river. 

KuBKET. — On the east and north the Talchirs of this area are bounded by the upper sand- 
stones. Possibly the eastern junction may be faulted, but it has not yet been fully examined. 
On the west they are bounded by Bar4kars and on the south by gneiss. Close to Lotan there 
is a fine boulder bed. 

III.— 4)amuda Series— BarXkab Group. 

In describing the Bar&kar rocks of this field, we have to deal with a number of detached 
or semi-detached areas. Those on the north have been partially or fully described in the 
already published report on the Baisunder and other river sections, and the area in the 
Hand valley, and thence westwards, has only been partially examined. As neither it nor the 
Baisunder section were visited during the past season, they will not be alluded to further 
here. 

Yallbt of the Ebe abba. — Commencing on. the extreme east of the known '[^exten- 
sion of this area, a narrow strip or spur of Bar&kar rocks is found in the vicinity of Lupunga, 
where they are horizontal and much concealed by superficial deposits. Towards the north, 
the junction with metamorphics, as seen at Bomali, is quite natural, the Talchirs being com- 

• Vidt Recorda Geolo^cal Sanrej, India, 1871, p. 108. 
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pletelj overlapped. On the souih, however, there are indicatioDB all along the bonndary, 
from Bnrsipali to the Ebe, of underlying Talohirs. 

Proceeding westwards, the northern boundary is found to strike obliquely across a great 
loop bend of the Bonum river at Chalitikra, but the lowest seen sandstones there seem to be 
Talchirs. Between this loop and the Ebe, the country is very hilly and uneven. The rocks 
are coarse sandstones and conglomerates, some of the beds being of considerable thickness. 
As seen in the neighbourhood of the old fort of Rampur, in the Ebe section and in the 
country further west, some of these rocks resemble the upper sandstones of the Hingir 
group ; but after full examination I am inclined to refer them to the Barfikars. Brown 
haematite iron ore is very abundant, and especially so to the east of Rameeur. It does not 
appear there, however, to constitute any definite continuous bed, but to occur rather in con- 
cretionary nests and bands in the sandstones.- Fragments of ore from this source spread 
over a considerable surface, and give the appearance of an abundant supply, especially in the 
valleys where they have accumuhited for ages. Iron is manufactured at Chalitikra, and was 
formerly at Bampur, where there are still considerable heaps of skg to be seen. 

Some of the conglomerates seen here consist of pebbles in a matrix which is barely suffi- 
cient to bind them together. As this matrix is often removed at the surface, the hills of 
conglomerate look simply like piles of loose stones, not a sign of consolidated rock bein^ 
apparent. The bed of the Ebe afiEords no continuous section of these rocks, the few outcrops 
being for the most part separated by long stretches of sand. As, moreover, the beds are here 
horizontal, or nearly so, nothing of importance regarding their thickness can be made out. 
Opposite the mouth of the Bonum river, a cliff of sandstones covered by conglomerate rises to 
a height of from 60 to 60 feci These rocks, though not exactly like the usual types of Bar&- 
kars, firom their position and physical relations, should, I think« be referred to that group. 
The rocks of this horizon can be traced north and south over about ten miles, from the neigh- 
bourhood of Cherla to Bograchaka ; they form long low ridges with a very slight dip to the 
west, which carries them under the more typical Barikars containing coal and some ironstones 
which are about to be noticed. Between the Ebe and the boundaries of the upper sandstones 
underneath which the Bar&kars disappear, rivers and streams occur in abundance, but in two 
only have any traces of coal been met with. 

Thb Lillabi Bitbb. — This river, like many others, takes its rise close to Hingir, and 
joins the Ebe, after a course of about twenty-five miles, near the village of Balput. Following- 
it up from its junction, in the first two miles or so, metamorphic rocks only are seen, but 
beyond them Bar&kar sandstones are exposed, and appear at intervals up to Durlipali, where 
there is a seam of carbonaceous shale and coal, of which the following is the section, 
descending :— 

Top denuded. 

1. Slightly coaly blue and black shales 

2. Black carbonaceous shale with flaky ooal 

3. Concretionary blue shales 

4. Coal {Tide Assay, p. 120) contains much iron ... 

5. Blue concretionary shale with coaly layers towards top and 

DOb tom ... ••• ... ... ••• 

6. Slaty carlx^naceous shales, portions coaly 

7. Ditto ditto the coaly portion confined to thin 

layers of 1-3 inches thick ... ... ... 

8. Blue concretionary shales 

9. Coax fiedr (Ficitf Assay) 
10. Blue concretionary shales ... «. 

Base concealed. 
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Coal from No. 4^ brought to camp, burnt indifferentlj, leaving a considerable asb. From 
No. 9, the coal is much better ; a garah fall when roasted gave oat a laminoas flame 18 inches 
long (with a 1-inch diameter bamer) which lasted for an hoar. Most of the residue was par- 
tially caked. Higher in the section there is a bed of tesselated ironstone which seems to be 
eontinuons at that horizon, being seen again at Choakani, five miles to the north, and also in 
the intervening country. North of Eodaloi there appears to be a second ironstone zone 
which includes a better quality of stone. This zone is also seen farther south, one 
mile to the west of Bugonathdera. The rocks throughout this region are much concealed by 
laterite. 

Two miles further up the stream, near Khairkoni, the top 2 feet of a coal seam are 

exposed. For four miles farther, up to Chamri-mahal, the bed of 
the river disdoses a much broken section of sandstones and car- 
bonaceous shales, which in places roll slightly, but are otherwise horizontal. Beyond this the 
sandstones of the Hingir group are alone found, 

Baodijl Biybb. — ^About half a mile from Ailepur (Lakenpur) the top of a seam is seen 
^^ in the river. Owing to water and shifting sand I could do no more 

than prove the existence of at least a foot of fair coal which bums 
freely, leaving a flaky ash. What the total thickness of the seam may be it is impossible to 
say at present. In the country to the east there are some ridges of ferruginous sandstones 
which may, perhaps, be in part prolongations from the main area of upper sandstones, but I 
was unable to separate them from the underlying Bar&kars with any degree of certainty. Leav- 
ing for the present the description of the strip of Barftkars which extends from this neigh- 
bourhood through Borkhol along the south of the field, that which occurs along the north- 
eastern boundary may be most conveniently disposed of. Close to Batakand, a small village 
on the Godadia, the Bar&kars, which further south are covered up by the sandstones of the 
BHpahari range reappear, and form an irregular strip which is continuous up to the Bai- 
sunder, where the coal-measures, described in the previously published notice of this field, 
occur. On its eastern side, the Barfikars occupying this strip rest naturally upon the meta- 
morphio rocks, an arkose bed being not unfrequently found at the base. On the western 
dde the irregular outline formed by the foot of the upper sandstone highlands of Hingir 
eonstitutes the limit of exposure. In the river at Ddldnga, to. the south-south-west of the 
^^ village, there is a coal seam of which the following is a section 

■ of the portion seen, descending i-^ 

Ft Ine. 

1. Black and grey shales ... ... ... 10 

2. Hard stony Coal ... ... ... ... 6 

8. Flaky Coal ... ... ... ... 2 

4. Grey and black shales ... ... ... ... 4 

6. Flaky shales, coaly in parts •« ... •« 1 10 

6. Blue and grey shales ^ ... ... ... 1 

7. Stony Coal and black shales ... ... ... 1 

O. V/VAu ... ... ... ... ... 

9. Stony Coal and black shale 

10. Coal •»• ... ^m ... ... 

11. Shale ... ^ 



• *• 



8 10 



Further down the stream some higher layers of carbonaceous and coaly shale belonging 
to the same seam are imperfectly exposed. 
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To the north of the irillage there b a seam seen, at the rosd crossing, which contains 
ahont six feet of coalj shale and ooal, the dip heing 5** to sonth. In the section of rocks heiow 
this, that is to say, farther np the stream, the honndary is seen to be perfectly natural ; gneiss 
being exposed in the bed and sandstone in the overhanging banks. From this northwards 
the relations of the rocks are for the most part obscure and the western boundary is rery 
intricate. In the Bar&kars to the sonth of Eiripsira, black shales and ironstones occur. On 
the Oarganbal and Bagbura road, east of the boundary, in the first stream crossed, there is a 
bed of arkose which seems to be detached from the field. Beyond it for the next mile or so, 
the granitic gneiss rocks which occasionally appear are much covered by loose bouldeiv which 
in their miscellaneous and foreign character resemble those found in the Talchirs. In all 
probability they were derived from a Talohir boulder bed of which no other trace is left now. 

SoiTTHXBK BovKBABT.— Passing now again to the south boundary at Borkhol. In 
speaking of the Talchirs it has been pointed out that they disappear on the boundary at this 
point, being much overlapped, and having probably been in part cut out by a fault which appears 
to have formed the present southern boundary and limit of the field. At Singapnr the 
area occupied by the Bar&kars does not exceed about half a mile in width, and as they rest 
nearly horizontally on Talchnrsy the evidence of extensive overlap by the upper sandstones is 
complete. West from Borkhol, where the Talchirs are not fisund on the boundary, their 
apparently diminished thickness might be attributed to the fault having cut out lower beds, 
but here it is quite clear that, unless there has been great natural and original thinning out of 
the upper beds of the Bar4kar8 which are seen in the Ebe valley, their edges must be com- 
pletely overlapped by the upper sandstones. 

From Borkhol the faulted boundary runs in a steady north-westerly direction for 
nearly forty miles, and with it for thirty miles, a valley which presents a wonderful 
degree of uniformity throughout. On the one side, outside the fault, are ranges and some- 
times low ridges of metamorphic or other old rocks, on the other the scarp of the sandstones 
forming the Hingir plateau. The bed of this valley being coincident, or nearly so, with the 
base of the upper sandstones, the Bar&kars, and sometimes the Talchirs, form the floor. 
Although many rivers and streams cross the valley at right angles, there is such an accumu- 
lation of superficial deposits, that sections, showing the character and relations of the rocks 
are of extreme rarity. The bottom of the valley, almost throughout, may be described as one 
succession of paddy fields. The origin of this state of things is quite obvious. The valley, 
in the first instance, scooped out by lateral streams along the faulted junction, has subsequent- 
ly served as the repository of the solid substances brought down by the rivers, which, coming 
. from the highlands of comparatively soft sandstones, find themselves suddenly arrested by 
the metamorphic rocks through which they have only been able to cut narrow gorges. 

At Btirkhol itself no rocks are exposed in the valley ; but further west, south of the 
village of Durga, sandstones and gneiss are seen in close proximity to one another, though 
no actual contact is exposed. To the west of Eutrapali there are some ferruginous Barakar 
sandstones with ironstones, which also extend northwards up into a bay to the north of the 
village. Proceeding in the same direction the same rocks are met up to Dibdorah, with the 

addition, at that place, X)f coal which crops out underneath the 
waters of the Hingir river. An excavation which I had made in 
this seam proved a thickness of at least 6 feet 6 inches down from the denuded surface. 
Of this thickness, all, except the lowest foot, consists of very fair-looking coal. So &r as 
appearance goes, it is certainly the best which I met with in the field. The dip is about 6^ 
to north-20*'-east, or from the boundary. What the total thickness may be I bad no means 
of ascertaining. • 
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Higher up the ri^er, doee to the foot of the Mk over the upper sandstonea which are 
desoribed on a following page, the Dewan of Eodibuga pointed out to me some fragments of 
oarbonaoeons shale whidii he said had been there for several years. Whence they came I am 
quite uncertain. There may poesibly be a seam at the foot of the ^Us covered up by water 
and fallen blocks. Certainly in its higher reaches the river does not cross any Bar&kar rocks, 
and I found no trace of carbonaceous matter in the stream above. 

Between Jhargaon and Dibdorah, the sandstones, wherever seen near the boundary, as 
also the coal at the latter place, exhibit no trace of great disturbance at their edges, having, 
apparently, when faulted, gently subsided into their present position. Neither at Dibdorah 
DOT Jogidhipa are junctions disclosed by the rivers. Between Dibdorah and Jogidhipa the 
Bar4kars are of the same character as those between the former and Jhargaon. 

At Jogidhipa, the scarped hills, which further east marked the limits of the upper beds, 
locally die away, and physically it seems possible that the rocks exposed for some distance to 
the north might be BariUcars, but lithologicaUy thej^ appear to belong to the upper gproup. 

Continuing along the valley we find at Lipuspali, north of the village, dark colored sand- 
stones which appear here to form the base of the upper series. No Bar&kars are seen, though 
they doubtless exist under the alluvium. Before reaching Manwapali, l^ilchirs are found to 
eomein again, forming a narrow strip along the boundary and leaving but very little room 
for the Bar&kars to occupy. 

In the Supnai west of Bhogra (Basunpali of map*), at the base of the section, there is a 
short thickness of sandstones, apparently Bar&kars, which dip from the boundary at an angle 
of 30* to north ; the overlying rocks, too, are also locedly disturbed. Between Bho^a and Sum- 
bulpuri the position of the Bar&kars is marked by ironstones, which are seen near the village 
of Badpali. At Sumbulpuri, if the coarse grits seen in the river section dipping at angles of 
from 30* to 45* from the boundary be not referable, as seems probable, to the Bar&kars, 
then that group must be here reduced to very narrow limits. At Danot the upper rocks 
come close to the north of the village, while Talchirs crop out on the south ; but there is 
room for a small thickness of Bar&kars. In the Keld section between the gneiss on the one 
hand and brownish-red upper sandstones on the other, a concealed interval affords room for 
both Talchirs and Barakars. One short outcrop of Talchirs is seen close to the road crossing. 

Had I not known something of the upper reaches of the Eelu, the occurrence of frag- 
ments of coal in the bed of the river, as it issues from the upper sandstone hills, would have 
been a puzzle involving much fruitless search. It is evident that these fragments have 
travelled from the seams which the Eelu traverses far to the north near Tamar and 
Jhargaon. 

Between Laka and Cheripani, an interval of only about 150 yards exists between these 
upper sandstones and the Yindhyan quartzites. In this interval laterite and a recent 
conglomerate are the only rocks seen. Further west from this I did not meet with the 
slightest trace of Talchirs, and the lowest sandstones seen are not, I think, Barakars, so 
that both series, are again most probably cut out by the fault which hence westwards runs 
between quartzites of Yindhyan age and the sandstones of the Hingir group. 

Qamjas abea.— To the north, under the Garjan hill in Hingir, some carbonaceous 
rocks, probably Bar&kars, are exposed in the streams. This area has not been examined as 
yet in detail. 

NoBTHESK Raioabh ABBA. — This is au area of Bar&kar rocks of which upwards 
of 200 square miles have been examined. It is situated in the north-eastern corner of 

- — — - - * — ■---■- . - 

* Ths namefl of all the viUagef in thli put of tlM faU«j on misplaMd on the mep.—UtlM Sheet). 
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B&igarh. On the east, south and weet it is surrounded by hills formed of the upper sand- 
stones, under which the coal measures pass. 

To the north the limits have not yet been ascertained, but from the sections which have 
been examined, and from the general physical structure of the country, it is probable that, 
with a few exceptions in the valleys, where contacts of the Bardkars with the underlying 
metamorphics are exposed, the edges of the former are overlapped by the upper sandstones. 

In this central area, the Bar&kar rocks, which from their position are probably the top 
measures of the group, differ materially from those met with in the Ebe valley to the east. 
Instead of coarse sandstones and conglomerates, there are fine sandstones with much 
carbonaceous shale and some coal. In all probability the coarser rocks occur below, and 
indeed to the north some of them are seen cropping out towards the boundary. In the 
Baisunder sectionf, on the other hand, it would appear that the coarser rocks never were 
deposited, as only a small thickness of sandstone and arkose intervenes between the carbo- 
naceous shales and gneiss. 

In the western part of our area the Karket river collects the drainage and affords 
tolerable, though much interrupted, sections. 

Ejlbket Bivbb Sectioit. — That portion of the Earket which traverses the upper sand- 
stones will be found described on a following page. In so far as the Bar&kars are 
concerned, it is only necessary to describe the descending section which is exposed between 
B&i4mund4 and Earamakel. 

The highest rocks seen are some sandstones with three bands of carbonaceous shale, 
which measure respectively 2^., 3'. and 3'. 6.'^, the dip being 6** to south-west, which carries 
them under the horizontal upper sandstones. Some ironstones seen to the south of Bai4- 
munda, but not exposed in the river section, not improbably constitute the top beds. 

Not far from the mouth of the Eatang stream the top of a coal seam is exposed which 
measures about one foot. For about half a mile north of the Eatang there are massive sand- 
stones, the relations of which to the more typical Barikars are somewhat obscure : at first it 
appeared probable that they might be upper beds resting in a flat synclinal, but subsequently 
seen cases of similarly situated and similar rocks, suggested that they were only locally inter- 
polated beds. 

Beyond these again there are thin bedded sandstones with shales more or less carbona- 
ceous, having a low dip to south. Less than half a mile to the 
south of Suadera there is a coal seam which contains only eight 
inches of good coal with a dip of 6** south-west. 

From this up to the mouth of the stream which rises in the Duldulla H. S., the only 
rocks seen are thin bedded sandstones and carbonaceous shales, which vary a good deal in the 
direction of their dips on either side of south, but not much in the amount, never ranging 
above 10.^ There is nothing that can be called coal exposed in this portion. 

At the stream, however, there is a seam of which the following is a section :<— 

Massive sandstone, about ... m. 

Duaie ... .•• ... ••. 

KjOAM ... ••• . a • ... 

Shaly parting 

\>OAui.. M* •*. ••• 

Carbonaceous shale with coaly layers 

Coal ... m* ... m* ... ..toO seen. 

Base hidden ; 
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The overlying bed of sandstone is seen lower down the river to break up into several 
smaller ones in consequence of the interpolation of carbonaceous shales ; thus bearing out 
the view taken above of the bed seen near the mouth of the Ejitang. 

Further north from this I did not continue detailed examination, but fragments of coal 
are abundant from the higher reaches, and the Bar&kars extend at least as far north as the 
valley surrounding Kurmukel (sheet 69 a, old series). 

In the Eatang stream, from Kassia to its junction with the Earket, there are carbona* 
eeous shales with sandstones, and the massive bed previously mentioned. Some fragments of 
ooal were seen, but no exposed seam could be found. 

Throughout the country between the Earket and Pazar the rocks are much covered, and 
there is nothing of particular interest to be noticed. 

Pazab RrvBS Sbctiok.— At the junction of the Bar&kars and upper sandstones, where 
ibis river enters a gorge through the hills to the south-west of Easdol, the former show signs 
of local disturbance, and the bed, which is a few feet from the junction, dips away from under 
the overlying horizontal sandstone in a manner which is suggestive of unconformity. There 
being no actual superposition, this section cannot perhaps be considered conclusive, and causes 
other than original unconformity may have produced the present appearance. Taken in 
conjunction, however, with other evidence of unconformity to be given further on, this section 
assumes some importance. A short distance up the stream there is a seam of which the 
foDowing is a section : — 

Sandstone 

Shales ,.. 

Coal ^ 

Black shale 

Coal ..• 

Shales, portions coaly. ^ 

For the remainder of this section up to Pondripani there are fine ssndstones and car- 
bonaceous shales, the latter with occasional layers of coal, as at Putrapali (8^) and at Pon- 
dripani (2^. There is much £Eklse bedding and interpolation in this section. . In the Dig! 
stream the section is similar. A seam of ^ of coal is exposed at Dec^ur. The Eelu river 
section up to Tamnar also exposes the same kind of rocks with no coal of workable thick- 
ness. ' 

The Eelu section beyond this up to Ehara was described in my previous report. Resum- 
ing, therefore, at that place, we find that for nearly two miles hardly any rocks are seen, but 
beyond that there is a tolerably continuous section of sandstones and carbonaceous shales 

The first seam measures, descending, dip 6^ south-west : — 

Ft, Ino. 
Coal ... ,.. •» ... 6 

Shales m* ^m ••« ... 3 6 

Coal ... ^ ~. ... 1 

The ooal is probably of rather inferior quality, but in its weathered and water-logged 
condition it is not possible to form a conclusive opinion. The next seam of any importance 
measures about 17'. The coal is in thin layers of less than a foot, alternating with shale, 
dip south-south-west. Beyond this there appear to be some other seams ; but they are not 
well exposed. North-west of Pelma two flat seams are exposed. Their thicknesses seem to 
be about 6' and 41 respectively. The coal may be of fair quality. These seams are also 
seen in the broken ground east of the river, where the thickness may be somewhat more. For 
three miles further I followed this section (into Sheet 52), the Bar&kars continuing steadily 
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in the bed of the river, while the hilLi an either side were of the npper sandstones. Frag- 
ments of coal were still to he seen at the furthest point reached ; hat from the abundance 
of gneiss and jasper-conglomerate pebbles, the metanorphic recks oannot be Teiy iar 
distant. The jasper may not very improbably be derived from Talchir beds. 

The Pelma-Milupara valley is one of several along this frontier where denudation has 
removed the upper sandstones, thus forming a vast amphitheatre in which Bar&kars form the 
floor. A considerable accumulation of alluvium occurs in this valley ; it is much cut up by 
ravines, and consequently difficult to traverse. As it was impossible to take the camp beyond 
Milupara, much time was wasted in going to and fro. To draw a satisfiustoiy boundary at 
the foot of the hills would require close and very detailed examination. 

Bbitdia Rivbb Sbctioit. — In the portion of this river not previously examined,* between 
Komkel and Janjghir, for the first three miles the rooks are much covered, after which there 
are coarse sandstones with a succession of seams containing coal in bands of from 2' to 3'. 
None of these seams are well exposed, as they are for the most part flat, and it is impossible to 
speak decidedly of their value. It is not, however, at all improbable that (^ood coal in workable 
quantity may exist. At Janjghir the Bar6kars abut against gneiss, and are in places covered 
by upper sandstones which cross the boundary. In some cases the bottom beds resting on 
the gneiss in the Janjghir valley may be Bar4kars ; but the cases are doubtful. To the 
west of the village a pebble conglomerate bed can be traced from off the metamorphics on to 
undoubted Bardkars upon which it appears to rest unconformably, but the section is not 
quite clear. In one place in the river it is seen distinctly overlying a coal seam with associ- 
ated Bar&kar sandstones. This seam measures — 

Ft. Ina. 
Coal, about ... ... ... 8 

Parting ... ... ... ... 3 

Coal ... ... ... ... 1 

I think the conglomerate must be referred to the upper series. 

In the bed of the stream on the hill side, at the head of this valley, I found some 
fragments of black shale, which appear to have come .from the upper beds. Aa will be 
noticed further on, a similar case oocurs to the east, in the valley of the Bendia. 

From the preceding it will be eeen that there are no data sufficient for forming an 
opinion as to the total thiokneos of the Barakars, but that there is strong evidence of great 
irregularity of deposit. 

On the prospects of coal being found in useful amount, I shall speak in the section on 
economic resources. 

IV. — ^Uppbb Sahdstokbs, ob Hingir Gboup. 

Besting upon the Bar&kar rocks is a group of beds differing from them in their litholo- 
gical characters, and containing certain fossil plants which have in no part of the country 
been found to occur in rocks of the Bar&kar horizon. 

With rare, and perhaps even somewhat doubtful exceptions, this group does not include 
any carbonaceous deposits. In the fossil plants the carbon has been all removed and 
replaced by iron. 

In some of the sections described on previous pages evidence is given of the extensive 
scale in which the Bar&kars have been overlapped by these younger rocks. At many places 
along the southern boundary of the field, as, for instance, at Singapur and Borkhol (vide p. 108) 
the area occupied by the Barakars is reduced to very narrow limits. Again, near the Kurket 

• Vide B«cordt, 1871, pp. 105-6. 
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these upper rocks rest immediatelj on TalohirB, and along the northern bonndaiy not nnfre- 
qventiy upon gneiss. 

Althongh the junctions bet\7een these rocks and the Bar&kars often appear to be quite 
„ , ,^ oonformahle, certain observations seem to indicate that some un- 

conformity between the two does exist. No actual section exhibiting 
tmoonformable superposition can be adduced, howeyer. The nearest approach to it is perhaps 
the case above mentioned, where, close to Janjghir, a pebble conglomerate was traced off 
the gneiss on to Bar&kars upon which it appears to rest unconformably, but owing to some 
false bedding, the section is not quite clear, and should not, perhaps, be regarded as crucial. 
In the Pazar river section (page 111) there is the already noticed case of disturbed Baxdkars 
occurring close to the junction with the massive horizontal upper sandstones. 

Passing from these individual oases, which afford evidence of only doubtful value, to the 
more general relations existing between the upper sandstones and the Bar4kars, we find that, 
taken as a whole, the latter exhibit an amount of rolling and disturbance of which the upper 
beds show no trace whatever. 

The great amount of false bedding in the Bar&kars, noted both in this and the previous 
report^ and the overlap, are quite sufiBcient to account for the fact that the beds of Bar&kars 
appearing from underneath the sandstones vary much in character in different parts of 
the field. At Lipuspali, for instance, there is a coal seam only a few feet below the red 
shales. Tet no sign of this coal seam appears in any other section. But when the facts 
observed in the tract of country indicated as the northern B^garh area (p. 109) come to be 
examined, it is difficult to imagine any cause other than unconformity as being able to produce 
the relations which exist there. Denudation has in that part of the country cleared away 
the upper rooks and formed an extensive basin where upwards of 200 square miles of 
Bar&kars are exposed. Numerous more or less continuous sections of these rocks are afford*- 
ed by the rivers which run from north to south ; but the best is that in the Eurket. In that 
river from south to north there is a steadily descending section, which is sometimes compli- 
cated by looal rolls, but which must represent several hundred feet in thickness. The 
crumpling and rolling and the dips, — the latter in places attaining as much as 10^ — are 
incompatible with the idea that these beds are merely in their original position of deposit 
on a sloping surface. Several of the coal seams dip at angles of 5,** which, small though it 
be, ean scarcely have existed at the time of deposit From its very nature and generally 
accepted origin the coal must have been at first horizontal, or nearly so. 

In the surrounding rocks which form the ranges limiting the basin, and in three inlying 
hills or groups of hills known as Gid, Dnldulli, and Kolam, no evidence of similar roUing 
and crumpling is apparent, while the sections, so &r as they go, induce the belief that these 
outliers rest on the edges of different portions of the Bar&kar succession. From the inter- 
polation and false bedding, which, as has been alluded to, characterise these Bar&kar rocks, no 
actual conclusion could be drawn from observations on the difference in charactar of indi- 
vidual beds which are immediately covered by the upper sandstones. Indeed, the overlap 
alone would be sufficient to account for such differences as havQ been observed. It is there- 
finre necessary to confine the evidence for the unconfonnity to the more general charaeteriatica 
of the two series, all small sections being, for the above given reasons, unreliable. 

Examined closely, the upper sandstones exhibit no signs of disturbance and appear to be 
qmte horizontal. On some of the scarped ranges where the view takes in several miles, a slight 
southernly trend can, however, be made out, but no rolling corresponding to that in the 
Bar&kaiB at the base. Whether the rolling and crumpling in the thin beds is in any degree 
due to the pressure of the great mass of hills — ^which would in that case have been produced 
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subseqaently to the denadation — may perhaps be asabjeot for tpecalation ; but eren suppoeing 
that a certain amount of distorbance may have been due to this cause, the general steady suc- 
ceesion of beds from south to north, and the Eact that the sandstones rest upon different mem- 
bers of that succession in different places, must, I think, be regarded as indicating a period of 
disturbance and denudation between the deposition of the two series of rock. It may be 
added that whereas we find in the case of the Janjghir section, already alluded to, the upper 
sandstones passing from Bar&kars (at the base of the group) on to gneiss, the same rocks 
cover up the highest members of the Barakar succession which are exposed on the southern 
limits of the Barakar area between Bijana and Deogaon. 

In their lithological diaracters these beds differ in a marked degree &om the Bar&kars. 
The first thing which strikes one about them is that they almost invariably present a reddish 
aspect from the freely disseminated iron. Be they conglomerates, sandstones, or clay shale, 
the presence of iron is generally prominently apparent. The soil, too, which is derived from 
their decomposition, is nearly always red and sandy. Notwithstanding this, ironstones of 
good quality are very much less frequently met with in this group than in the Barikars. 

I have been unable to see that the beds of different lithological characters occupy any 
definite succession. The red day beds particularly seem to have a very capricious distribu- 
tion. Though not always present, they are generally found among the bottom beds of the 
group. Towards the top, too, they not unfrequently occur. In the centre they appear seldom. 
Often where one would expect to see them, they do not show the slightest indication of their 
presence. Conglomerates and sandstones alternate with one another without showing any 
regular sequence so far as I was able to make out. 

The conglomerates consist chiefly of small rounded quartz pebbles, bound together in a 
sandy ferruginous matrix with a varying amount of felspar. The pebbles rarely exceed 
6 inches in their greatest diameter, and sometimes they are uniformly, throughout particular 
beds, not larger than small marbles. Occasionally the pebbles are of gneiss. This is, of 
course, most frequently the case when the underlying rocks belong to the metamorphic series. 

The sandstones vary much in texture and color, but really fine-grained sandstones are 
rare, and white, or even grey looking, rocks are of unusual occurrence. Sometimes beds occur, 
both in the case of conglomerates and sandstones, which it is not easy to distinguish frt>m 
Bar&kars. In such cases traces of associated carbonaceous beds are anxiously looked for as 
affording an almost infallible test of the age. The beds of sandstones, as may be seen in 
the scarped sides of the hills, occasionally attain very considerable thicknesses, narrow part- 
ings of shale occurring at distances of from 20 to 40 feet. The most common form of sand- 
stone is a rough brownish g^t, which, even when under the constant action of running water, 
seldom shows a clean or smooth surface. Carbonate of lime is not often present in suffi- 
cient quantity to give rise to any marked form of chemical weathering. Mechanically 
formed pot-holes are, for some reason which I cannot explain, less conmion than in the 
Bar&kars. 

Shales or days, generally red and sometimes passing into ironstones, include all the 
remaining forms of rock found in this group. In one direction these beds show a tendency 
to pass into sandstones, but as I have said, fine grained sandstones, properly so called, 
seldom occur. Mica occurs in abundance in certain layers. With the exception of some 
white beds which are occasionally met with, all are ferruginous, some highly so ; the latter 
are dense and heavy, but are seldom used as an ore of iron by the natives. 

The only beds of this group which have so far proved fossiliferous are the shales which 
have just been mentioned, and they are by no means universally so. The place where I 
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found fossils most nmneroas as regards indiyiduals was in the Garjan hill in Hingir. 
Here, too, the number of species was the greatest, but it does not altogether exceed eight. 

The following is a preliminary list by Dr. Feistmantel : — 

Ei^UISETACBJB. 

Schizonenra P = Damuda sp. 

„ P sp. 

Yertebraria Indies, Bunb. 

FiLICIB. 

Glossopteris Indies, ScMmp, 

Browniana, Brogn. Yar* Anstralasiea. 

Sp.P 

Pecopteris Sp. = Banborj's drawing. 
„ Lindlejana, Boyle, 

The specimens of Yertebraria were met with at Girondla, Eodaloi, and on the Bilpahari. 

The question of the correlation of these rocks with the groups ebewhere known in 
India is for the present reserved. 

These sandstones cover by far the largest part of the area included in the field. 
Throughout the central portion no other rocks are met with, and to the north-east and 
Bouth-west, only narrow strips of the older rocks are disclosed at the boundaries, and that 
for comparatively short distances. In the northern part of R&igarh there is a consi- 
derable exposure of Bar&kars which is surrounded on all sides by these rocks, and so super- 
ficially separated from the Bardkars of the Ebe valley on the east, and of the Mand on the 
west. 

The eastern boundaries of these sandstones follow an irregular outline, which is in 
general well marked, and is more or less coincident with the limits of the hilly plateau 
country of Hingir. Possibly there may be some small outliers within the limits of the area 
colored as Bar&kar, but the often highly ferruginous characters of some of the pebbly beds 
presumably belonging to the latter, and the obscurity of the physical relations renders dis- 
crimination almost impossible. 

The group of hills of which Sitaram and Bilpahari are the culminating points is situa- 
ted at the northern extremity of the eastern boundary ; the rocks seen there are sandstones 
and red shales, the latter containing Vertebraria. Some of the sandstones are highly ferru- 
ginous, and contain layers and plates of hardened and dense character which weather out 
on the surface into relief, as is commonly seen in the Pachmari sandstones. 

At Girundla and Bindichua the same rocks prevail ; they are generally horizontal, but 
at one place in the Lilian, south of the latter village, some local disturbance has given rise 
to a southern dip. The Bindichda G. T. hill station well illustrates the tendency of cer- 
tain beds of sandstone to weather into curious and grotesque shapes. 

The rocks about Onkilbira, Eomghat, and Pikol are all of the same character and call 
for no particular notice. The same may be said of those forming the hills to the east and 
south of Lakenpur. 

Close to Borkhol, the Eoilar river debouches from the hills ; it is the first of a series which, 
rising in the highlands of Hingir, pursue a steady south course to the Mahanadi. As the 
rocks which they traverse, except near the boundary, are horizontal, the sections do not 
throw much light upon the general characters of the series. Ordinarily these rivers run 
in deeply cut channels in beds of coarse brown or red sandstones. These being water-bear- 
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ing strata feed the rivers all along their oourse. and the moist faces of exposed rock are the 
favorite growing plaoe of a species of Drosera ; all these rivers are perennial* and their eon* 
stant flow of water makes them contrast with the rivers of the gneiss and Talchir area* 
which soon dry up after the rains, leaving wide sandy channels. 

The general characters of the valley which extends along the boundary in a north- 
westemly direction from Borkhol have been described on a previous page. With the rocks 
which bound it on the north only have we to do at present. North of Jhargaon the road 
to Baini ascends over the scarp of red shales and sandstones ; these are still better seen 
further west at Dibdorah, where there is a step in the Hingir river over which the waters 
fall, forming a most picturesque, and in the eyes of the natives sacred, cascade. Near the 
foot of this fall, as has already been mentioned, some pieces of carbonaceous shale were found, 
but none above. 

At Jogidhipa the physical features are somewhat modified, as there is no distinct ridge 
or scarp on the Bardkar boundary, but the relative position to the main boundary of the 
field appears to continue the same. From this westwards the red clays cease to occur asso- 
ciated with the basal rocks of the upper sandstones. 

In the Eur or Chota Keld, between Berapali* and Beramunda, there are brown and 
yellowish sandstones which sometimes contain pebbles, but there is no trace of the red days. 
Their absence may be due to overlap of that portion of the series in which they occur ; but 
I think more probably they were never deposited here. At Jamga* the Bar4kars are abnost 
completely covered xig by these upper rocks. 

In the Supnai section from a point east of Jhargura to Bhogra* there are coarse ferru- 
ginous sandstones which are at first slightly inclined to the south, but as the boundary is 
approaehed, they dip in the opposite direction, and the bottom beds, some of which seem to be 
Barakars, dip at an angle of 30° to north. 

In the Somkara and Bilaijor rivers to the east and west of Sambulpnri there are similar 
sections ; in the latter the rocks close to the boundary dip away from it at as high an angle as 
46**. Close to Badpali there are some traces of a local bed of red clay. 

In the Eelu there is a long interval between coarse sandstones dipping at 20** north 
and the gneiss. Save for a small outcrop of Talchirs at the gh&t there is nothing to indicate 
the character of the intervening rocks. Further north, these sandstones fall to the horizontal 
and are deeply channelled by the river. I have on a previous page indicated the origin of 
the coal fragments which are seen in the bed of this river. 

At Donot, the edges of the upper sandstones form a distinct and prominent ridge close to 
and north of the village. 

In the vicinity of Cheraipani the Talchirs and Bar4kars are apparently finally overlapped 
by the sandstones on one side, and cut out by the fault on the other ; at least no certain sign 
of them is met with further west. They may exist, however, at the bottom of the narrow 
alluvial valley which is bounded by on either side quartzites and sandstones. At Delari (or 
Derali) sandstones dip at 30° to north-east. Just north of the village the lowest bed may 
possibly be Bar&kar, but I think not. To the south-east of the village these sandstones are 
seen within 200 yards of the quartzites* 

From this westwards to the Eurket, and also to the north in the direction of Tumardi, 
the ro<^s which are exposed all belong to the upper series. 

EuBKBT RiVBB SECTION. — ^At Babo there is an interval o^ perhaps 300 yards between 
\he gneiss and some beds of sandstone* which dip at an angle of 30° to 30° north-of-east. 

0.1 ■ III - 

* These iianM% u prtvlonBiy msntioned, U9 sU iiiliplac«d oa thi AtUs Sheet 
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What maj iDterrene between these oatcrops can only be conjectared, possibly Talchirs, bat 
there is no trace of them to be seen. With regard to the sandstones, I think they mnst 
be re£arred to the upper series, though they are not unlike Bardkars, which, indeed, I thought 
them to be when I saw them in 1871. The high dip is gradually lessened, until about a 
mile further north the beds become horizontal, and so continue with only local variations in 
dip for about five miles. In places the river runs in a deep cutting with walls twenty feet 
high. The sandstones are of the usual character, coarse ferruginous, sometimes with plates 
and layers of more highly ferruginous composition. They are often somewhat conglomeratic 
and not unfrequently pinkish in color. There is no sign of red clays in this section. From 
underneath these rocks at Baiamunda, as has idready been mentioned, appear the Bar&kars. 

To the west the boundary, leaving the river, ptoses along the foot of a range of hills 
which strikes north from Katangdi. At Nowagaon (Nowagud) these hills present a scarped 
face of coarse ferruginous sandstones with some red day partings. These rocks have a 
general, though slight, dip to the south. Detached from this range, towards its northern 
extremity, is the Duldula hill which is formed of the same rocks. 

The eastern boundary on leaving the Kurket, passes south of Baiamunda and then 
bends southwards to JiringoL Between Balumar and Samaruma the red shales were again 
met with near the base of the aeries. 

m 

The Gid hill appears to be an outlier of these rocks, the continuity being broken on the 
south, but this is not quite certain, as the rocks are much hidden in the broken raviny ground. 
The principal rocks forming this hill are ferruginous sandstones and red shales, but at the 
base there*is a considerable bed of white sandstone of doubtful affinities. 

The character of the junction in the Keld river section has been alluded to above ; the 
upper sandstones, away from the boundary, are horizontal, or have a gentle dip to the south. 

From this eastward as iar as the Ambo hill the boundary runs along the foot of the scarp; 
this is well seen at Deogaon and Pariga. In the Gaijan hill, I found the principal part of 
the fossils mentioned on page 115. The further extension of these rocks to the east has been 
notioed in my previous report, and it therefore only remains to describe their occurrence to 
the north so £Etr as they have been examined in that direction. 

At Janjghir and the valleys on either side of it, we find Barfikars abutting against 
gneiss, the boundaries being more or less overlapped by sandstones and conglomerates which 
form the surrounding hUls. These sandstones and conglomerates are, I think, referable to 
the upper group, but at the heads of two of these valleys, from 150 to 200 feet above the 
level of the top of the Bar&kars seen outside, I met with fragments of coaly shale in the beds 
of the lull-side torrents. At first sight this suggested the probability .of Barakars occurring 
at the higher level, but another case, presently to be mentioned, seems to make it probable 
that carbonaceous shales do sometimes occur in the upper beds. 

A glance at the map* will show the difficult nature of the country where these observa- 
tions were made. Until the whole of the hill tract there has been examined, it will be im- 
possible to speak with any degree of certainty on the subject. As rendering it more probable 
that the carbonaceous shale is from the upper sandstones, it may be mentioned that the frag- 
ments were much mixed with pieces of red shales which may, however, have come from a 
higher level. 

The amphitheatrical appearance of the valley of the KeM above Milapara has already 
been alluded x>. Owing to the jungle and superficial deposits, the boundaries are mudi 
obscured, but at Hingjhar there are exposed some ferruginous sandstones and red shales 

* On the one inch to a mile icale. In the accompcDying sketoh map the hill shading has been omitted. 
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resting upon ironstones, which latter are presnmable Badtkars. On the east of the vallev, 
in the Sakti hill, there is a good section of these rocks. 

Ascending from the village of Bigarmnra, vhioh is on red days and sandstones, the path 
passes over whitish grey sandstones, which might pass lithologioally for Barftkars ; ahovB 
them near a bear's cave* is a hand of blaok shales ; this is at least 900 feet above the red 
shales of Bajarmora, and mnst therefore belong to the vqpper series. 

Above this there were coarse fiMrmginons sandstones which continued up to the top of 
the hill. On the eastern side of the hill, at Khara, the Barikars extended up the side &onx 
100 to 160 feet. 

So far as they have been examined, these upper sandstones appear to constitute one 
group which is not susceptible of any natural sub-division. 

v.— LlTBSITB. 

In the course of the preceding pages the occurrence of laterite resting upon the older 
rocks has been occasionally alluded to. It is more particularly abundant on the Talchirs, 
and, as noticed on a previous page, its limits are curiously concurrent with the Talchir — gneiss 
boundary in the eastern part of the field. To the north-east it is often found on gneiss, so 
that its occurrence in one locality in a limited way on the Talchirs only is the more remark- 
able. It seems to be chiefly, if not entirely, confined to the lower levels, and I never found 
a trace of it on the higher hills, though in such positions it is commonly met with in Sirguja. 

There is nowhere, so far as I know, a greater thickness of it than about sixly feet. lu 
the eastern part of the field it forms wide spreads, which completely conceal the underlying 
rocks. In lithological characters this laterite resembles the laterite of Midnapore and else- 
where. 

VI.— Faults akd Dtkbs. 

The character of the south-western boundary having been described in the previous 
pages, little remains to be said, and recapitulation is, perhaps, unnecessary. Although no 
single section can be pointed to as absdutely establishing the faulted nature of this boundary, 
still the general tendency of the observations which have been made is to point in that direc- 
tion, while the difference in the character and age of the beds which are successively brought 
into conjunction, and the remarkable straightoess of the bonndaiy, are strongly corroborative 
of the same view. 

With this exception there is no evidence of any faulting throughout the area, and most 
of the boundaries have been distinctiy seen to be naturaL 

2>y|.0^._But one case of trap also has been met with in the field ; this is at Kirara- 
ma in the Bar&kar area, where a dyke is exposed for a few yards. A similar rock is seen at 
Kondaimunda, in the gneiss, and the two may be continuous. It must be noted that there 
is a possibility of this being only the peak of a trap-like metamorphic rock which strikes 
up through the Bar&kars. Its lithological characters quite favor this possibility. 

YII.— Ecovoiao Bbsoubcbs. 

The economic resources of this field are — ^Building materials. Coal and Iron. 

BniLDivo XATEBIAL8.*-As in other coal-fields containing Damuda rocks, many varieties 
of sandstones occur which would be applicable to building purposes. Hitherto the only 



^ Non.— The cava ii in • frUble bed of alif hUy ftrraginons sandstone, which I noticed wm perforated in a 
pecoliar manner. On examination eaeh of theee peiforationa, at least those which looked frvshest, contained the 
neat, or rather den, of a amall spider, while the oidtt ones contained ezafl« of apidera. 

Tt was perfectly obvions that these perforations, which were mostly } of as inch deep^ had basn laads 1^ the 
spiders by patiently reooTiag the firiable rock grain by grain. 
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rocks which have heen need in this way are the Talchir sandstones of Sasun. These furnish 
a snitable material for .copings and similar purposes in Sambalpur. Becently they hare 
b^en employed in the manufacture of washing vats for lac works. The building stone which 
is chiefly used in Sambalpur is a schistose quartzite which is found in the station. Limestone 
of limited amount, but good quality, occurs in the Talchir rocks to the south of Luponga 
{vide p. 106). Kankar is found in most of the alluvial trsots, but is not generally abundant* 
The Yindhyan rocks south of Padampur on the Mahanadi include an excellent limestone, 
which is the sonroe of lime chiefly resorted to in the dutriet. 

Coal. — The seams which are exposed in the portion of the field at present under descrip- 
tion are neither very numerous nor individually of promising quality ; but it must be remem- 
bered that the coal-measure rocks are not only, as a whole, very slightly disturbed from their 
original horizontal position, but are much covered by superficial deposits, and that there is 
a complete want of sections which might show the succession of beds constituting the group. 
l%e true, or even approximate, value of the field, therefore, can only be ascertained by borings. 
In the meantime it may safely be asserted that there is a fiiir prospect of this field proving 
to be of considerable value. 

Of those seams which are at present exposed I should recommend that at Dibdorah as 
being the one which is most likely to reward exploitation. The advantages which this seam 
possesses are the following :— The coal is of fair quality, much better probably than might be 
supposed irom the assay, the sample having been taken from under water ; the thickness is 
at least six and a half feet The seam being at the surface, and having only a small dip, 
might be worked by sinlple undercut quarries. 

Lastly, the locality is the nearest to the Mahanadi, being only about six miles distant 
from that means of carriage. The chief difficulty in working this seam, indeed the only 
one that I know of, will be caused by water which it; may possibly be found not very easy 
to dispose of, especially during the rains. This, of course, would only be felt while the works 
were carried on on a small scale ; with extended operations suitable provision could no doubt 
be made, but the narrowness of the valley in which the seam is situated must always cause 
some trouble. 

With this in view it would obviously be best to break g^und first (provided, of course, 
that the seam is first proved to extend so far) at the watershed between Dibdorah and 
Jogidhipa; this would involve somewhat longer carriage, but would secure an outlet on 
either side for the ejected water. The water would almost entirely be from surface sources, 
as the red clays which occur with the upper sandstones would, I think, prevent excessive 
percolation from the water-bearing rocks of the highlands. 

The sections given above of the other seams in this part of the field (Ebe valley area) 
do not indicate any coal of workable thickness. According to the assays and my rough 
examination in the field. No. 9 of the Durllpali is the best coal, but of it there is only one 
foot. No. 4 of the same section is two feet six inches thick, but the quality is very inferior. 
It must be remembered, however, that the whole of this seam, as well as that of most of the 
others, is not exposed. As regards carriage, the Duriipali seam is much less favourably 
situated than that at Dibdorah ; the distance from Sambalpur as the crow flies is twenty-five 
miles. During the rains, however, the Ebe river, which is only six miles distant, might be 
used as a means of carriage. The Lukanpnr seam, regarding which little is known at 
present, is situated in an enclosed valley difficult of access, the road to which firom the 
Mahanadi would probably be from ten to twelve miles. The Dulunga seam is about sixteen 
miles from the Ebe. Of the large seams in the Baisunder I have spoken in my previous 
report ; the coal from them might, perhaps, to a small extenti be brought down that river to the 
Ebe also during the rains. 
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Some of the seams in the Keld valley may very possibly contiuii good coa1« bat they 
are difficult of access, being thirty-six miles, as the crow flies, from the Mahanadi. Carts, if 
they could get over the ground at all, would have to travel probably not less than sixty miles. 
To Sambalpur the distance by any possible route would not fall far short of 100 miles. 

Still more unfavorably situated as regards roads are the seams in northern Hingir to the 
west. The Xurket river there, however, would afford a means of transport daring the rains. 
I saw a large boat being built at Babo on the Kurket, so that navigation is so £ftr possible ; 
indeed, the river bed, thence to its junction with the Mahanadi, contains no serious obstrudaons 
of any kind. 

So little is yet known of the coal of the Talchir field, that it would be impossible at 
present to institute a fair comparison* between the two. Unless the coal of our field is of 
better quality it could not compete successfully in Gnttack owing to the much greater dis- 
tance it would have to travel. At the same time the Mahanadi is closer to the eastern end 
of the B4igarh and Hingir field than it is to any part of the Talchir field, and the Brah- 
mini, owing to obstructions, is not much better as a means of transport than the Ebe or 
Kurket would be. 

The prospects of the ultimate development of this coal-field depend altogether on the 
future extension of a line of railway into that part of the country. If the project for con- 
necting Calcutta with Nagpior, by a direct line, be ever carried out, this field will attain 
considerable importance, should the borings, which, must first be made, prove the existenoe oi 
abundant and good coal, and of their doing so, there is, I think, a fiiir prospect. 
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IfiON. — Within the Bar4kar group there are, as has been indicated on a previous page, two 
and possibly three zones of ironstones. Assays have not been yet made, but some of the ores 
appear to be good. As to quantities, so far as superficial examination goes, I think at 
Kodaloi and some of the other localities on that horizon there is a large supply which could 
be easily worked. Of the abundance of ore in the hills at Bampur, east of the Ebe, I have 
already expressed my doubts, but on these points it is impossible, without some preliminary 
clearing of the ground, to speak with certainty. 

The zone of ironstones which runs with the south-west boundary, at the top of the 
Barakars, seemed to be thin and poor. 

In the upper sandstone series ironstones also occur, but are seldom used by the native 
Lohars, In several instances I found that the Lobars of villages which, owing to wood 
being abundant, were situated within the upper sandstone area, procured their ore from the 
Barlikars some miles distant. Except towards the frontiers of the Hingir highlands, there are 
few Lohars* villages in that zemindari, but in no part of the country which I have visited are 
they so abundant as in Rampur. At many of the large villages there are furnaces, but the greater 



* ttelectcd coal from the Talchir field has been foand to answer fairly well in smAll steamon on the Cuttaok 
canals. Its cost, owing to expensive carriage, was, however, too high. 

t By Mr. Tweon. 
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number are worked by oolonies of Lobars who form temporary villages where timber is abun- 
dant, passing to new localities when they have exhausted the supply in their Ticinity . Although 
Sftl (SAorea robusta) is the wood most commonly used for making charcoal, I found the Bijasal 
(Dipterooarpus margupium) seemed to be preferred by some. Bamboo, though abundant, never 
seems to be used. The wood is cut into logs about 3^ feet long, or rather more, and is burnt 
in holes which are about 4 feet square and 18 inches deep. Small branches are not used. 
The furnaces are somewhat smaller than the largest which are used in Bengal ; they are fur- 
nished with a tray above, in which a quantity of mixed ore and charcoal is kept, which can be 
rsked into the top of the furnace by the person working the bellows without other assistance. 
This, of course, is a great saving of liibour as compared with the usual system which involves 
the presence of a second person to feed the furnace. DilEering from the practice in Hazaribagh, 
the same individuals make the ffiri (bloom) and also work it up into iron for the market. The 
girU were much smaller than in Hazaribagh, in one case at Jodiboga not exceeding 6 or 7 seers, 
generally, perhaps, they are about 10 seers. So far as 1 could make out, the Mahajans get 
from 16 to 20 seers of iron for a rupee from the Lobars, but owing to the advance system and 
the transactions being chiefly in kind, this cannot be accurately ascertained. 
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Geological Subtey Office, 
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AKVUALBBPOBTOFTHBGEOLOaiCAL SuBYBT OF INDIA AKD OF THB GboLOOICAL MuSBVM, 

Calcutta, fob thb tbab 1875. 

The close of another year hrings with it the duty of reportinji; hrieflj the progprees made 

during the past twelve months. As must almost necessarily he the case in such a department 

as the Geological Survey of India, the full numher of the officers in the estahlishment has 

never actually heen at work during the year; while even of those present and actively 

--^^-piged, some have had their time almost fully occupied with suhjects, not immediately 

ining a part of the Survey operations, although intimately connected with them. 

In this way, Mr. W. T. B Ian ford was very fully occupied in the examination and 
icription of the zoological collections collected in Tarkand hy the late Dr. Stoliczka, 
d in ahranging for puhllcation the geological notes of the same trip. Mr. F. B. Mallet 
B ahsent on threer months' leave, Mr. Racket was ahsent on furlough till within a couple 
months of the close of the year, and Dr. W. Waagen, who had only returned from Europe 
the beginning of the season, was obliged again to leave India, and, to our great regret, and 
^ very serious loss of the Survey, felt compelled to resign all hopes of returning. 

Mr. Medlicott's labours in the earlier part of the year were confined to the coal-fields 

the Satpura hills. Full notes of his researches have been already published, so that it is 

Inecessary to enter into any detail here. One important fact may be noticed. Towards the 

tee of the season, Mr. Medlicott was fortunate enough to notice the occurrence of rocks, 

bich he considers as undoubtedly representative of the upper part of the series acoompany- 

Igthe coal-bearing rocks elsewhere, at a point much further to the west than these had been 

^wn previously to occur. And he justly bases on the occurrence o£ these rocks a recom- 

iendation for further detailed search in the district, and suggests the propriety, seeing the 

h»t importance of a supply of coal in that neighbourhood, of borings to test the occurrence of 

Itiy such deposits. It would be essential that such borings, if attempted, should be carried to 

ft very considerable depth, before any definite reply to the question of the existence of coal 

^uld be obtained. And in estimating the value of the chances, it will be essential to re- 

knember, as Mr. Medlicott himself remarks, that even if the coal deposits should be proved, 

it is impossible to make even a probable guess, as to the depth beneath the surface at which 

fbey are likely to lie, " 2,000 is as likely as 500 feet." 

Unless coal should he found in very considerable abundance, and most favorably placed 
>« to dip, &c, I need scarcely say that mining it at a depth of 2,000 feet would be a matt«r 
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of such difficulty, danger and cost in this country, that it certainly would not pay fdr many 
years to come, if ever, while even on general considerations, some of which have heen 
partially explained hefore now, and have heen confirmed hy everything since noticed, I 
am not at all sanguine that any favorable deposits of coal will ever be found in the area 
indicated. 

The geological facts noticed by Mr. Medlicott are of the highest interest as regards 
the structure of the valley of the Nerbada, and his suggestions must not be lost sight of in 
future investigations. 

Up to date, no very definite results have been obtained by the borings now in progress 
at Toondnee and Khappa, but neither has any proof been obtained that the rods have reached 
beds below the coal-bearing rocks. 

Mr. Medlicott, at the close of the season in the early part of the year, took advantage 
of an invitation to visit Ehatmandu in Nepal, and a very interesting and suggestive notice 
of this visit is given by Mr. Medlicott in the Records of the Geological Survey of India 
for November last. It must always be a source of great regret that the movements of 
Europeans are so jealously watched in Nepal, that it is impossible to do more than pay a 
hurried visit to the localities immediately round the capital, or the places actually on or 
adjoining the road there and back. Mr. Medlicott saw, perhaps, everything that he could 
have seen, that is, that he would have been permitted to see, but this was barely su£Scient to 
suggest a few possibilities as to the structure of the adjoining country, the correctness or 
incorrectness of which could not be established by further research. The continuity of the zone 
of newer rocks which fringes the Himalayan range to the north-west has been established, 
and the occurrence of the newer tertiary groups also proved. 

At the commencement of the present working season, M r. Medl ico tt, in conjunction with 
Mr. Theobald and Mr. Lydekker, commenced a revision of the tertiary rocks of the North- 
West and Punjab. The very important fact of a marked stratigraphical separation of two 
distinct groups of rocks in the Nahun country, which had previously been all considered as a 
continuous series of beds, was first noticed by Mr. Medlicott himself. Th e locality where th is 
marked unconformity was noticed unfortunately did not yield any fossils from the lower group 
of the rocks, so that the very important question as to whether this marked separation of the 
rocks physically was accompanied by any distinction in their organic contents was still un- 
decided. To determine this, it became necessary to trace the same two groups further to the 
north-west, and to collect the fossils from each group separately. In doing this, it 
became evident that the very marked unconformity noticed in the Markunda river did not 
continue to the north-west. And the separation of the groups must obviously be based on 
other considerations. Apparent distinctness in the fossils also on more careful examination 
disappeared, if not entirely, nearly so. It became, therefore, of the last importance that the 
separation of these groups should be more carefully investigated, and their relations one to 
the other established. And with this object in view, I requested Mr. Medlicott to go care- 
fully over the entire ground again, giving him the aid of Mr. Theobald, who knew the 
fossil localities tolerably well, and had already brought together a very valuable collection 
from these rooks, and also the help of Mr. Lydekker, who had been all the previous part 
of the year engaged in a careful and earnest examination of the fossils, on which he had 
been able to throw much light. And I confidently hope that before the season closes, the 
boundaries of these tertiary groups may be demarcated and their relations established. 

The vast importance, considered with reference to a study of the tertiary rocks of 
India, of a knowledge of the structure of Sind has long been patent. It has been more 
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than once intended to take np the examination of that province. In 1869, arrangements 
were made for doing so, bat other and more pressing demands cansed this to be laid aside. 
Again in 1871, the same thing occnrred, to onr great regret. The sections in Sind were 
known to be nnnsnally dear and well exposed ; many of the rocks were richly fossiliferous, 
and while a very large number of species had been already collected and described, it had 
become evident that they had been erroneously referred all to the same series. It was also 
highly probable, if not certain, that we should in Sind find a connecting link between the 
tertiaries of Cutch and of the Sub-Himalayas. It was therefore with great satisfiiction that 
we were able at last to depute Mr. Blanfor d, with the aid of Mr. Fedden, to take up 
Sind in 1874. Before the close of the working season of 1874-75, they had completed a 

fidr sketch of the geology of the province, and have again this year resumed their labours 
there, Mr. Blanford also purposing to accomplish a traverse of the desert to Jessulmir and 
Jodhpur, and so probably back again by a different route to Sind. Mr. Fedden also has 
been able to bring together a very good collection of fossils, some of them very beautifully 
preserved. 

During the summer, Mr. Blanford was, as already stated, chiefly occupied in working 
out the collections of Dr. Stoliczka from Yarkand preparatory to publication, but 
continued to superintend Mr. Fedden while he was carefully comparing the numerous 
collections brought from Sind, he himself taking up the Echinoderms, while Mr. Fedden 
confined his labours to the MoUusca. There was no time to investigate the Corals. A 
full sketch of the geological results is given in the present number of the Records of 
the Geological Survey of India, so that it is only necessary to mention briefly, here, 
that Mr. Blanford seems to have established the existence, in addition to the more 
recent and subrecent deposits, of rocks of pliocene, miocene, and eocene age, all of which 
had previously been roughly grouped into old tertiary. While in places there are still lower 
beds, the exact geological age of which is not fixed, but which are, in part at least, probably 
cretaceous. 

M r. Fe dde n has worked very earnestly and intelligently, and to Mr. Blanford's 
satisfaction, and by his careful study of the fossils collected last season, has acquired a 
knowledge of their forms and distribution, which will prove of very essential advantage to 
him during the present season in examining the continuation of the same rocks. 

Mr. Willson has very steadily continued his work in the Bundelcund and Bewah 
country, and has mapped in several sheets of the new topographical survey, during the 
progress of which work, some important geological &ct8 have been established. 

Mr. Hacket only returned from leave of absence in Europe in time to take the field 
a littie later in the season than usual in Bajpootana. Since then he has been actively 
engaged in Ulwar, and it is hoped that by the close of the working season, he will have 
completed a general geological sketch of that district. 

During the entire season, Mr. Hughes was engaged in finishing up the geological 
maps of the Chanda country, with more espedal view to the coal-fields of the Wardah 
▼alley. A report on these has since been completed, after most unlocked for delay, and is now 
gone to press. Mr. Hughes, during the present season, has taken up the continuation of 
same geological area to the south, and will, it is hoped, be able to join on his work to that 
of Mr. King, who is extending his examination from the south up the valley of the 
Godavery. 

Mr. Ball completed the examination of the Kaigarh and Hingir coal-field, on which 
he had been engaged during the previous season. Of this field, an interesting sketch is 
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given bj Mr. Ball, and published in the Beoords. Daring the present working seaaon, 
Mr. Ball has been engaged in a reyision of the Talchir coal-field, and in an examination of 
the Atgorh sandstones. 

Dr. Feistmantel, who joined the Survey at the commencement of the year, has been 
most earnest and zealous in working out the fossil plants of the several groups of rocks in 
India, and has already accumulated much valuable matter. He has commenced the prepara- 
tion of a history of the fossil flora of Eachh, which, taken in connection with the already pub- 
lished descriptions of some of the fossils from the associated beds, will prove of great inter- 
est and value. There is little doubt that the fuller and more careful investigation of ths 
several floras from the successive groups of rocks will throw much light on the relation 
of the difierent members of what it has become a lashion to siyle the plant-bearing 
series. 

In Madras Presidency, Mr. King completed the examination of the Bajahmnndxy 
country before leaving the field. I regret to have to report that exposure to the first burst of 
the monsoon before reaching station resulted in a very severe attack of inflammation of the 
eyes, which for some time assumed a very serious form. Fortunately this was conquered, and 
Mr. King's sight saved, although his recovery was tedious. Taking the field again at the 
commencement of the season he has visited the several fields near the lower valley of the 
Godavery, and dosed up that part of the area, and has since proceeded northwards along the 
Godavery valley, with a view to joining Mr. Hughes, who has been carrying out the examin- 
ation of the same valley proceeding southwards. 

Mr. Foote succeeded in mapping in a good area of the country along the coast 
in the Nellore and Ongole country, and was fortunate also in finding some very beautifully 
preserved and interesting fossils of Bajmahal age. And in the present season he continntf 
the same work northwards, with a view to join on to the Godavery and Bajahmundiy areas. 
During the recess, Mr. Foote completed a valuable report on the Southern Mahratta Country, 
which is now in hands preparatory to going to press. 

Publications, — Of the Mbmoibs of the Geological Subtbt ot India, Vol. XI, 
Pt. 2, containing a detailed description of the salt-producing country in the Eohat district, 
Trans-Indus, was issued. The illustrations required for this part occupied some time, and 
the absence in Europe of the writer, Mr. Wynne, also involved some delay in reference in a 
few points. 

Of the Rbcobds of the Survey, the regular quarterly issue was punctually maintained, 
and the volume for the year wiU be found to contain several very valuable papers on the 
geological structure of various parts of India. " The paper on the Altum Artnsh, from a 
geological point of view," by the late Dr. F. Stoliczka, completed the -series of short papers 
bearing on his trip to Yarkand, which he had left ready for publication. Among other 
descriptive papers, we have a note on the geology of Nepal by Mr. Med lie ott» on the Eha- 
reean Hills in the Punjab by Mr. Wynne, a sketch of the geology of Scindia's territories 
byMr. Medlicott, and a full sketch of the Shapur coal-fields, with notices on the explora- 
tions in progress in the Nerbada valley for coal : also an account of the Raigarh and Hingir 
coal-field by Mr. Ball, while the practical bearings of geological research are illustrated by 
Mr. W. B Ian ford's paper on the water-bearing strata of Surat, Mr. Hughes and Mr. 
Medlicott on fire bricks, Mr. Mai let on coal near Moflong, &c. 

Of the Paljeontolooia In dig a, the publication of the Jurassic Cephalopoda from 
Kachh has been continued. The whole series is now completed and issued, although the 
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difficultiefl caused by the preparation of euch a large number of plates delayed this com- 
pletion beyond the actual close of the past year. This series contains 60 plates, of 
which six are doable, and 250 pages of letter press, with explanations of plates, i&c, 
and is unquestionably one of the most valuable contributions to the fossil history 
of the Upper Jurassic Cephalopoda ever yet issued. This was all completed, though 
not printed off, when Dr. W. Waagen felt compelled to resign his connection with 
the Geological Survey of India. A great source of delay in the completion of the plates 
has arisen from the transfer of our offices to the New Museum, and the time, unavoidably 
lost, in moving and re-setting up the lithographic presses. 

Good progress has also been made in the preparation of plates for the next issue of 
the Falseontologia Indica which will be devoted to the fossil flora of Eachh. It was 
hoped that we should have been able to continue the same detailed illustrations of the 
fossil mollusca in the other groups, as have now been published of the Cephalopoda. But 
the loss of our Falnontologist has for the present deprived us of the means of accomplish- 
ing this. 

It will be seen that there have been issued during the year no less than 55 plates, 
equivalent, from double ones, to 61 of the regular quarto size, the annual number promised 
being only 48 (originally 24). 

Library. — During the twelve months of 1875, 881 volumes or parts of volumes have 
been added to the Library of the Geological Survey. Of this number, 437 hare been received 
from Societies and other Institutions in exchange for the publications of the Survey, or as 
donations, and 444 have been purchased. Quarterly lists of these additions have been 
regularly published as usual in the Records, and a nominal lisc of Societies and Institutions 
from which presentations or exchanges have been received is appended. 

The removal of so large and valuable a series of books to the new offices of the Survey 
was a task of some risk and trouble, especially during the rains, but it was effected with 
but little injury. The greater space we have now at disposal has already admitted of a 
fuller and more detailed classificatory arrangement of the books than was previously possi- 
ble. The completion of this arrangement will, however, necessarily occupy some time, and 
cannot be altogether satisfactorily accomplished until after the completion of the proposed 
gallery and another series of cases. 

The Library continues to be a great resource to students, who can obtain access here 
to books, many of which do not exist in any other collection in Calcutta, or indeed 
in India. 

Jftf^etfm.^The removal of all the collections from the former offices of the Geological 
Survey to the new Museum was a task of no small trouble and labour, as well as risk. It 
could not have been expected that such a series could be moved without some injury to the 
more delicate fossils, and to the numerous casts of unique animals which our collection 
contains, nor was this danger diminished by the fact that the greater part of the removal 
was effected daring the rains. It has consequently taken some time to restore all these things 
to their proper condition. With regard to the rearrangements of the full collections, inasmuch 
as no additional cases have as yet been provided for exhibition, we have been compelled for 
the present to content ourselves with merely grouping the ooUeetions and thus rendering 
them more easily accessible for the final arrangement when cases are available. Orders have 
been given for a considerable number already, and it is hoped that some will soon 
be ready. 
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The want of any out-offioes has also compelled ns to interfere serionnlj inth the proper 
arrangement of the Mnseum hy necessitating the storing away of tents, hoxes with speci- 
mens, and other stores in the galleries of the Museum. 

The collections are all in good order and preservation. 

T. OLDHAM, 
Supdt., Oeohgical Survey of India, 
Calcutta, ^ and Director qf Geological Museum. 



February 1876 



. 1 



List of Societiee and other Institutions fhm which publications have been received in 
donation or exchange for the Library of the Geological Survey of India during the 
year 1876. 

Batayia.— Boyal Society of Batavia. 
Bbblin. — Grerman (Geological Society. 
„ Prussian Academy of Sciences. 
„ Gesellschafb fur £rd Kunde. 

BouBAT.— Bomhay Branch of Royal Asiatic Society. 

Bonn. — ^Naturhistorisches Vereins. 
Bo6TOir. —Museum of Comparative Zoology. 
„ Boston Society of Natural Histoiy. 
Bbbslau.— Silesian Society of Natural History. 
Bbistol. — ^Naturalists' Society of— 
Bbussbls. — Boyal Academy of Sciences. 
Buffalo. — Buffido Society of Natural Sdences. 
CALCUTrA.^Asiatic Society of Bengal. 

„ Agricultural and Horticultural Society. 

Cambbidoe, Mab8., U. S., a.— United States Coast Survey. 
CHBiSTiAiriA. — Boyal University of Norway. 
CoPBKHAOBir.— Boyal Danish Academy. 

Duck. — ^Academy of Sciences, Di[]on. 
Dbbsdbit.— The Isis Society. 

„ The Leopoldino Carolino Academy of Naturalists. 

„ The Royal Museum. 

Dublik.— The Royal Irish Academy. 

„ Royal Geological Society of Ireland. 

Edinbubgh.— Geological Society of Edinhurgh. 
» — ^Royal Society of Edinhurgh. 
Geneva.— -Physical and Natural History Society of Geneva. 
Glasgow. — Philosophical Society of Glasgow. 
„ Geological Society of Glasgow. 

GOTTii^OBN.— Royal Society of Science. 
Lausanne. — Vandois Society of Natural Science. 

LiEOE. — Geological Society of Belgium. 
LiVEBPooL. — ^Literary and Pbilosophiod Society. 
,1 Geological Society. 
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LoNDOK. — ^East Indian Association. 

Boyal Geographical Society. 
Bojal Society. 

Geological Society of London. 
Anthropological Institate. 
Royal Institution. 



f> 
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„ British Mnsenm. 

„ Linnsean Society. 



» 
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Manchestbb.— Geological Society. 
Mblboubkb. — Geological Survey of 'Victoria. 

Mining Department, Victoria. 
Boyal Society of Victoria. 
Minnesota. — ^Academy of Science. 

„ Geological Survey of Minnesota. 

Moscow. — ^Imperial Society of Naturalists. 
Munich.— Bavarian Academy of Sciences. 
Nbuchatbl. — Society of Natural Science at Neuchatel. 
Nbw Havbn. — ^American Journal of Science. 
Nxw Zbaland. —Colonial Museum and Laboratory. 

„ Wellington. New Zealand Institute. 

Paris. — ^L'administration des Mines. 
„ Geological Society of France. 
Fbsth.— Boyal Hungarian Geological Institute. 
Philadblphia. — ^Franklin Institute. 
Plymouth. — Devonshire Association. 

Bomb.— Geological Commission of Italy. 
Boobkbb.— Civil Engineering College. 
Salbm, Mass., U. S., A. — American Association for the advancement of Science. 

„ Essex Institute. 

STOCKHOLM.—Bureau de la recherche G^logique du Suede. 
St. Pbtbbsbubo.— Imperial Academy of Sciences. 

Stdnby.— Boyal Society of New South Wales. 
Toronto. — Canadian Institute. 
Vienna. — Imperial Academy of Sciences. 
„ K. K. Geologische Beichs-anstalt. 

„ Zoologico-Botanical Society. 

Washington.— Smithsonian Institute. 
Yokohama.— German Naturalists' Society. 
ZiJEiCH. — Swiss Palsontological Socieiy. 
„ Swiss Natural History Society. 

Governments of India, Madras, North-Western Provinces, Punjab, and Bombay, Chief Com« 
xnissioners of British Burmah. Central Provinces, Surveyor General of India, Superintendent 
of the Great Trigonometrical Survey of India, and the Superintendent of the Thomason 
College, Boorkee. 
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Ov THE Gboloot of Sikd. Bt William T. Blavfobd, a.b.s.m., f.r.8., Deputy Smper- 

intendent, ' Geological Survey of India, 

Introduction, — It has been for manj yean past an object of tbe last importanoe ia 
making oat tbe relations of tbe tertiary rocks of India to examine the geology of the pio- 
Tince of Sind, and, bat for tbe pressare of otber work, tbe examination of that coantry woaSd 
bave been andertaken before. I was directed by tbe Saperintendent of tbe 6eolog:ieal 
Sarrey on two previoas occasions, in 1869 and 1871, to commence tbe sorvey of Sind, bat 
otber and more pressing work in eacb case interfered. Daring tbe working season 1874-75, 
a general examination of tbe province was made by my oolleagae, Mr. Fedden, and mjself^ 
tbe principal resalts of wbicb are given in tbe following pages. Tbe area of wbicb a preli- 
minary sarvey and sketcb map were made exceeds 9,000 sqaare miles, exclasive of tbe allavul 
area. Tbe sarvey is still in progress, and all recent observations tend to confirm the 
classification proposed. 

A very large sbare of tbe work botb in tbe field, and subsequently in tbe determination 
of tbe fossils, was done by Mr. Fedden, and tbe knowledge gained of tbe geology is qoite as 
macb dae to bis observations as to my own. 

Tbe importance of a tboroagb geological examination of Siiid is dae to two circum- 
stances. Firstt it bas long been known tbat tbere is in tbat province a fine series of tertiary 
rocks abounding in fossils. Secondly, tbe magnificent figures and descriptions of tbe Indian 
nummulitic fossils by Messrs. D'Arcbiac and Haime in tbeir " Description des Animanx 
fossiles du groupe Nummulitique de Tlnde " publisbed in 1853, probably tbe most important 
single contribution to Indian Geology ever issued in Europe, lose balf tbeir value from tbe 
circumstance tbat tbe exact position in tbe series of tbe beds from wbicb tbe different fossils 
described were obtained was unknown. Tbe majority of tbe fossils bad been procured in 
Sind, but tbe exact localities were not recorded. 



Physical geoyraphy,'^The province of Sind consists geograpbically of tbe Indus valley 
and of the bill ranges to tbe west of tbe river, from the neigbbourbood of Easbmor and 
Jacobabad, or tbe latitude of about 28" 30*, to tbe sea. 

Tbe whole province is generally divided into Upper and Lower Sind. Upper Sind con- 
sists of a broad alluvial plain extending for many miles on botb banks of tbe river, but 
interrapted near Sakhar (Sukkur) and Bobri by a range of limestone bills, isolated in tbe 
alluvium and running nearly north and south. These bills are intersected close to their 
northern extremity by tbe river wbicb runs at this spot from north-east to south-west, and 
they extend about fifty miles south of it Beyond tbe flat alluvial tract east of tbe river is 
an extensive region of sandy desert. To tbe west of tbe river the alluvial plain extends to 
the mountains wbicb form tbe frontier of the province, and which, under the name of the 
Kbirtbar range,* extend from tbe Bolan pass to considerably south of Sebw&n. There is 
only one break in this range, that formed by tbe G4j river, and tbe gorge of tbe stream is 
quite impassable ; everywhere else tbe range rises to heights varying from about 8,000 to 
over 7,000 feet. 

In Lower Sind tbe alluvial plain is almost confined to tbe left or east bank of tbe river, 
and between the Indus and tbe western frontier of the province the country is billy. On 

* In all old maps this and some other ranges were united under the name of the Hala range, but no such 
name is recognised in the province. By Vicarj the term Hala-range was applied loosely to several distinct t»nges, 
which, misled by the mape of the period, he evidently supposed to be portions of the same, and the name has 
thus oome to be used commonly in works referring to the Geology of Bind. The result, as regards all at|ompts 
to identify the original foesil localities, ia most confusing. 
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the east of ihe river there is an isolated low range of limestone hills near Hyderabad, and 
another near Tatta. The conntiy west of the river consists partly of an undulating plain, 
t>artly of ranges of hills formed of limestone, and having a general north and south strike. 
The highest of these ridges are met with south and south-west of Sehwan : towards Kotri, 
Tatta and Karachi only low hills or undulating plains are found. 

Geoloffteal foTTnatians. — ^Within the area of Sind no rocks have as yet been detected 
containing fossils of older date than Eocene, bat the lowest rocks hitherto found in the 
province are unfossiliferous, or contain only a few vegetable remains which are not well pre« 
served. From Dr. Cook's researches in Kelat, we know that mesozoic rocks with AmmO' 
nUes are found in that direction, and at no great distance from our frontier ; whilst from 
the Khirthar range close to the G&j river, I saw lower beds cropping out from below the 
eocene limestone. 

The result of the researches of the past year is that the following formations, in descend- 
ing sequence, have been detected in Sind :-«> 



Name of groap. 


Approximate a^* 


Character of rocka. 


Saperfldal beda, ftllaTiiiiii, Ao. ... 


Sabreoent and recent 


Blown land. Allayinm of the Indns, both of the 
river plain and the delta. Slopea and depoaiu 
of gravel, often consolidated. 


XoiKUaroraeTtlik 


Pliocene 


(a) MasaiTe oonRlomerate on the edge of the 
alluvial plain; (6) c1a78.'8andfltone8, and conglo- 
merates, Qsnally unfossiliferona, bat some- 
times containing bones. , ^ 


Odj or Sapm>iiii]nmalitie 


Miocene 


Uighlv fossiliferous marine limestones, days and 
sandstones, uanally in thin beds ; no nommn- 
lites. 


4 Swri or Upper Nammalitio ... 


Lower mioeene or apper eocene 


(a) Sandstones, very massive and of great 
thicknesR, immetimes variegated ; onfossilirer- 
ous, bat interstratified towards the base with 
(6) yellow and brown limestones with AvmnK- 
Uin garamwentia, N, nAlcsvigahu, and Or6i- 
toidta papgraeea. 


3. SMHkar or Lower Nammolitic 

S. Eumkoi or Infirft-nammolitic 
1. Volcaaie 


Eooene 

? Lower eocene 

T •■• ••• ■•• 


(a) Massive, white and grey limestones with 
many species of NummUttui, Alttolinoy Ao. 

(6) Highly fossiliferoQS yellow limestone with 
Opercuhtta eanahYera. Ac. (local). 

(c) Green clays of Bohri and Hyderabad. 

Shales and sandstones, in part variegated and 
richly colored, thinly bedded, containing only 
vegetable remains. 

Basalt. 



The new names proposed are all taken from well known localities in Sind. Manchkar 
is from the Manchhar Lake, on the southern and south-western banks of which the Sind 
representatives of the Sevaliks are well seen. Qdj is the name of a river which traverses 
the frontier range north-west of Sehwfin, and exposes a superb section of the middle tertiary 
deposits. The name applied to the Upper Kummulitics is taken from the Kari Nai, a 
stream which drains thie hills a little way south of the 64j, and the upper course of which 
lies almost entirely amongst the formations named from it ; whilst the Khirthar range, 
dividing the whole of Upper Sind from Kelat, gives its name to the great mass of Lower 
Nummulitic limestone, of which its higher ranges are entirely composed. The term pro- 
posed for the Infra-nummulitio group is taken from the stronghold of the Sind Amirs in 
the range north-west of Kotri. It appears to me better in every case to apply a local 
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name than to use exclusively terms derived from European Geology, wbich may subsequently 
have to be abandoned, or to adopt names from other areas in India the rocks of which 
have not been distinctly correlated with those of Sind. There is, for instance, but little 
reason to doubt that the Manchhar group of Sind represents generally the Sevalik and 
Nahnn beds of the Punjab ; but still there is a question as to whether it corresponds only 
to one of those groups, or whether both are represented.* 

It should not be forgotten that Messrs. D'Archiac and Haime had actually foretoldt 
from their examination of the fossils the division of the Sind Nummulitics into two groups, 
an upper division with Nummulites garaiuensis, and a lower with N. Bamondi, N 
Legmeriei, N. granulosa, N» exponent, Alveolina ovoidea, Ac, and they also correcdy 
indicated the existence of a third sub-division without Nummulites. But here the due 
afforded by the Foraminifera failed them, for there are beds without nummulites at the 
extreme base of the series, and others at the top, and it was, of course, impossible for them 
to tell from which part of the series their fossils had been derived, except so far as the 
alliance to European forms guided them. 

Subsequently it was shown by Professor Martin Duncan (Annals and Magazine, Natural 
History, Ser. 3rd, Volume XIII, p. 296), and by Mr. Jenkins (Quarterly Journal Geological 
Society, Lond., Vol. XX, p. 46), that many of the Sind fossils, and especially some corals which 
had not been described by Messrs. D*Archiac and Haime, were unmistakably of miocene age. 

The rocks of Captain Vicary's chissification,^ to which allusion has so often been made 
in geological works, are the following, with their equivalents in the system now proposed : — 



Groups of Captain Vicary. 



1. Conglomerate § ... ... 

8. Clays and Bandfiione 

3. Upper bone bed 

4. BandatOQe'p fossils rare 
6. Lower bono bed 

6. Coarse, arenaoeoas, calcareous rook with C^Omvo BXoleia,\\ 

and exaraia, Spatangi: no Nummulites 

7. Pale aronaceons limestone with Sjfpponieti, IfummulUet, 

and Ckaroidea 

8. Nummulitic limestone of the Hala Range ... ... 

9. Black slates : thickness tmknown 



Groups now proposed. ] 



^Manchhar (Sevalik). 



|-Gi^ (Miocene). 



\Naxl (Upper Nummulitic). 
Khirthar, Lower Nummulitio. 



* Dnrinir the past recess season, owing to a number of other demands upon my time, it has been imposdble 
for me to investigate the relations of the Sind tertiary fauna as I could have wished, whilst, owing to the sad events 
which have deprived the Surrey of its two Paleontologists sucoessively, I have not had the advantage of aid from 
those better qualified than myself to determine pal»ontological questions. Under these circumstances, Mr. Feddea 
undertook the examination of the fossils collected, with such aid as I could give him ; and although I believe thtt 
most of the identifications mentioned in the subsequent pages are trustworthy, I do not venture to hope that they 
are free from error. The Echinodermata and Ibraminifera were examiiied chieliy by myself, the Holluica by 
Mr. Fedden. Time did not permit of the corals being examined. 

t Descr. An. Foss. du Groupe Num. de Tlnde, p. S69. 

X Quarterly Journal Geological Society, Volume III, p. 334. 

§ This is the coarse conglomerate at the top of the series. 

y Captain Vicary's fossil names have never been clearly identified. His Spaidngi may have been SrtgniA 
earinat^ Echinolampat'JacquemmUii, ^. ; his Bfpponktt I have been unable to trace. It is Just possible they may 
have been iMtnnlxtn* 
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Volcanic Bocks. 

At the base of the section exposed at Banikot, where the lowest beds fonnd in the pro- 
vince are seen, and again in a similar position, as I learn from Mr. Fedden, north of Kanikot, 
basalt IB seen. The exposure in each case occupies only a few square feet, and is very 
obscure. Nothing of importance with reference to this rock has been added during the 
past season to the observations made in 1863,* and it is still uncertain whether the basalt 
is intrusive or not, and, in the latter case, whether it belongs to the Deccan group of traps. 
Its relation to the overlying beds in the latter case is remarkably similar to what it is in 
Kachh-t 

2. Banikot Gbottp ob iNPSA-xruMicvLiTic. 

These beds have already been described in the Memoirs.^ They consist of sandstones, 
shales and clays, with gypsum, and are frequently remarkable for their bright and variegated 
colors. In some places the shales are carbonaceous, and irregular deposits of lignite occur 
in them, and they frequently contain pyrites and yield alum. 

About 1,300 feet of these beds are exposed in Banikot, between the base of the num- 
mulitic limestone and the small hummock of basalt which forms the lowest of the rocks 
seen in the section. 

The only organic remains observed in the beds themselves are vegetable, being dicotyle- 
donous leaves, stems, &c. But north of Banikot, Mr. Fedden found some bands of cal- 
careous shale and limestone some distance below the base of the white Nummulitic (Khirthar) 
limestone and interstratified with sandstones and shales which may belong to the Banikot 
group. These bands contain Cardita Beaumonti, Nautilus Forhen,N. Lahechei, and a few 
other fossils. Those above named have Cretaceous affinities. Further examination of the 
locality is desirable in order to ascertain the extent to which the two groups can be con- 
sidered as interstratified. It should be noticed that neither Cardita Beaumanti nor the 
species of Nautilus have hitherto been obtained by Mr. Fedden or myself at any higher 
horizon than the extreme base of the Khirthar group. 

The Banikot group is but sparingly exposed in Sind. It is seen at Banikot itself, and 
extends for some distance to the north, finally appearing on the outer scarp of the hills. It 
is also exposed within the range about four miles west of Banikot, where it occupies a 
valley about five miles long by a mile broad, and there is a small tract composed of it 
around Lainyan south-east of Banikot and north-west of Kotri. Here, however, the ground 
is greatly concealed by surface gravels, and much of the area to the westward is occupied by 
the grey sandstones of the Manchhar (Sevalik) group, which in places so closely resemble some 
of the sandstones of Banikot that they cannot easily be distinguished. 

3. Khibthab ob Lowbb Nummulitic Gbouf. 

This is by far the most important and characteristic group of rocks in Sind, and all 
the higher hills of the province are composed of it. As usually developed, it consists of an 
immense thickness of massive grey and white limestone, abounding in Nummulites and 
other Foraminifera and unbroken by a single band of any other rock. Such is its character 
from the northern frontier of Sind to Kotri, but to the southward I am informed by 
Mr. Fedden that the group shows a tendency to break up into distinct beds, the typical 
hard limestone being interstratified with bands of softer limestones, sandstones, and shales, 
and in adjoining areas, in Kachh and Baluchist&n, the massive white or grey limestone forms 
but a subordinate portion of the group. 



* Mem. Geological Surrey of India, Vol. VI, p. 6. 
t Mem. Qoologlcal Survey of India, Vol. IX, p. 76. 
X Mom. Geological Sorvoy of India, Vol. VI, p. 4. 
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At the base of the Nummnlitic limestone, fossiliferons beds ooeor in parts of the 
province. These beds it appears best for the present to associate with the Khirthar groap, 
although they may ultimately prove worthy of distinction, or it may, as above suggested, 
prove necessary to class them with the Infra-nummulitio beds of Banikot. 

The most northern locality at which the basement beds of the Nummulitic group appear 
to be exposed in Sind is on the west side of the hiUs south of Rohri. Here beds of pale- 
green gypseous clays are seen, interstratified with a few bands of impure dark limestone and 
calcareous shale. These beds are fossiliferons, but the only species that has been recognised 
in them is Natica longispira, which appears to have a wide range in time, being found, accord- 
ing to D*Archiac, in the upper eocene beds with Nummulites garansemis: Species of 
Ziicina, Cardium, Zeda, Pinna, Cerithium, and JRostellaria also occur. 

Similar green clay was observed by Mr. Fedden near Hyderabad, but no good section 
was found, nor were any fossils detected in it. In neither case was the base of the green 
clays seen, so that it is impossible to be certain whether they are not a band locally inter- 
calated in the limestones. The latter appears most probable at Hyderabad. 

» 

At the base of the thick Nummulitic limestone in the Vero plain north-west of Kotri, 
and in similar beds on the same horizon near Jhirk (Jerruck) and Tatta, some very fossili-^ 
ferous yellowish-brown limestone is found, in which the following fossils have been 
identified : — * 

Jforaminifera, 

Operculina canalifera (very abundant). Nnmmulites Leymeriei. 

? Tattaensis, Carter. N. irregularis. 

£chinodermata. 

Cidaris Halaensis P Echinolampas P sp, (one very near £. 

Forocidaris (spines). subsimilis). 

Temnopleurus Yalenciennesi. Eurhodia Morrisi. 

Hemiaster digonus. 

JBrachiopoda, 
Terebratula sp, 

Zamellihranchia ta, 
Cardita Beaumonti. Spondylus Rouaulti. 

Gasieropoda, 

Turritella angulata. Terebellum plicatum. 

T. assimilis. T. subbelemnitoideum. 

Nerita Schmedeliaua. Rostellaria angistoma, 

Natica longispira. R. Prestwichi. 

Terebellum distortum. R. fusoides. 

Cephalopoda, 
Nautilus subfleuriauslanus. N. Labechei. 

N. Deluci. N. Forbesi. 



• In thi« and other UsU D'ArchJac and Halmo'i names are used. Their genera often differ from thoae em- 
ployed by more modem writers, and their specific detemiinations may, in many oases, require revision ; some of 
their species, for instance, being probably identical with well known living forms. 

The Molluscs are only mentioned, as a rule, when thoy have been determined spediically. AU the Echinc 
dermata found are included in the lists, whether they have been identified specifically or not. 
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The massive Kammulitic limestone itself abounds in fossils, especially ForcMninifera, 
bnt owing to the nature of the rocks and their mode of weathering, their organic contents 
usually only appear in section on the weathered surface. Corals, Eehinodermata and 
Jkollusca abound, but the latter, as a rule, weather out as casts. The following are some 
of the most characteristic fossils identified :~- 

Foraminifera. 
Orbitolites sp. Nummulites obtusa, Ramondi, Biarit- 

Orbitoides dispansus. zensis, Beaumonti, Vicaryi, exponens, 

Patellina Cooki. granulosa, spira, and Leymeriei. 

Alveolina ovoidea and A. spheroidea. 

Eehinodermata. 
Echinolampas discoideus. Eupatagus avellana. 

E. Sindansis. Schizaster sp. 

Eurhodia Calderi. . Brissopsis Sowerbyi P 

Conoclypeus pulvinatus P B. scutiformis. 

Amblypygus sp. ^ B. sp. 

Fibularia sp. 

I^amellihranchiata, 

Ostrea Tesicularis (0. globosa, Sow.) Vulsella legumen. 

Fholadomya halaensis. 

Gasteropoda, 
Nerita Schmedeliana (very abundant). Ovulum Murohisoni and other species. 

Crustacea, 
Aiges Murchisoni (Cralenopsis Murchi- Baninasp. 

soni). 

Amongst the above the roost common and characteristic forms are Orbitoidee (dispansus. 
Sow.), Nummulites of various species, Alveolina^ and Nerita Schmedeliana, Of the age of 
this group it is unnecessary to say anything, as it is, of course, the same as that of the Nummu- 
litic limestone of Southern Europe, viz., typically eocene. 

The thickness of the Ehirthar group has not been determined, but, where fully 
developed in the Khirthar range, it cannot be less than 3,000 feet, and it may be twice as 
much. To the south, however, the thickness must diminish greatly, and near Jhirk and 
Tatta it, probably, does not exceed a few hundred feet. 

The Nummulitic limestone forms the whole higher portion of the Khirthar range from 
the northern frontier of Sind to the termination of the range within the province about 
fifty miles south-by-west of Sehw4n. It also composes the range which under various 
names, Lakki, En, Daphro, &o., runs south from Sehw&n to beyond Bula Khan's Thana, 
and the several ridges to the westward near the Habb, the southernmost of which terminates 
at Cape Monze« It, moreover, occupies a considerable tract of country near Kotri and Jhirk 
(Jerruck), and forms the isolated hills of Sakhar (Sukkur), Bohri, Hyderabad, and Tatta. 

4. Nuti OB Upfeb Nummulitio Gboup. 

The upper sub-division of the nummulitics of Sind is, where best developed, very nearly, 
if not quite, equal in thickness to the lower, but its composition is very different. At the base 
it contains a variable thickness of brown and yellow limestone abounding in Nummulites 
garansensis, N. sublavigata, and Orbitoides JFortisi (= O. papyracea, Boub^), interstra- 
tified with sandstone and shale. These beds are in places five hundred feet thick, but usually 
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much less. All the upper portion of the group consists of massive sandstone heds, which 
are generally qnite nnfossiliferous, bat occasionally contain bands of clay and shale with 
fragmentary plant remains. Towards the base of the sandstone, beds of limestone with the 
characteriatic Nummulites are oocasionaliy interstratified, sometimes five hundred feet, or 
even more, above the principal limestone beds at the base of the group ; thus clearly showing 
that the limestones with Nummulites garansensis, &c., belong to the same sub-division of 
the tertiary series as the sandstones. 

In many places, especially towards the base, very ferruginous bands are interstratified 
with the sandstones ; and south of Sehw&n, on the west side of the Bhagotoro range, where 
the thickness of the whole group is much less than in the Ehirthar range, the upper portion 
consists of ironstone, ferruginous sandstones, and brightly coloured clays, purple, brown, and 
white. On the Khirthar range, however, almost the whole group, except at the base, is 
composed of massive beds of brown sandstone. Throughout the area examined, the upper 
nummulitics rest conformably upon the lower, bat there is a complete breal^ in mineral 
character, and the fossils are different, the two characteristic species of Nummulite, for 
instance, being distinct from any hitherto found in the Khirthar group. 

The whole thickness of the Nari group on the !Khirthar range can scarcely be leas than 
five thousand feet. 

In some places the limestones at the base of the Nari group contain a large number of 
Mollusca and Echinodermata. The following have been identified ; a large proportion are 
from Bhagotoro, south of Sehwdn : — 

Foraminifera. 
Nummulites garansensis. Orbitoides Fortisi.* 



N. sublsevigata. 



Schinodermata, 



Cidaris Vemeuili. Eupatagus rostratus, 

CoBlopleurus Forbesi. Schizaster Bcloutchistanensis. 

Echinanthus profandus P S. Newboldi P 
Echinolampas, sp. nov. 

Zamellib ranchiata^ 

Corbula harpa. Pecten Labadyei. 

Yenus granosa. Ostrea flabellula. 
Cardium triforme. 

Gasteropoda, 

Natica patula. T. Benevieri. 

N. sigaretina. Triton Davidsoni. 

N. decipiens. Voluta jugosa. 

Siliquaria Grant!. V. dentata. 

Solarium affine, 2 vars. Cypraea nasuta and other species. 

Trochus cumulans. Terebellum obtusum. 

Phasianella Oweni. The most common forms being the Fora^ 

Turritella Deshayesi. minifsra and Fecten Lctbadyei. 
T. angulata, var. 



• O.papjfracta (Boub^) : see Geological Magazine, November 1876, p. 536. As before remarked, for conveni- 
ence sake, D'Arcbiac and Haime's specific names are preaervod tbrougbout this paper. I bolieve this rhizopod to 
be correctly identified, but at tbe same time it appears to me to be tbe species identified by Dr. Carter with 
O. Ifan^Ut.— Journal, Bombay Branch Royal Asiatic Society, vi, pp. 79, 82, die., be. 
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Althongh the relations of the fossils named above appear, on the whole, to be Eocene 
rather than Miocene, there being a predominance of species such as Natica patula, N. sigare^ 
Una, Ostreajlabellula, Valuta jugosa, &c., found, or represented by closely allied forms, in 
Eocene beds in Europe, there is a considerable admixture of species with Miocene affinities, 
such as Siliquaria Granti, Solarium afflne, and £chinanihus (Clypeaster). Of the two 
characteristic species of Nummulites also, one, N, sublavigaia, is peculiar, being unknown 
out of India, whilst the other, N, garansensis, is met with in the lower Miocene beds of 
France.* 

It should not be fon^otten that the fossiliferons beds are at the base of the Nari group, 
and if, as appears probable, these are high Eocene, the upper portion of the division may, 
very possibly, be of Miocene age. 

The rocks of the Nari group extend nearly throughout the Ehirthar range, forming a 
belt of lower hills along the western base of the main ridge. This belt varies greatly in 
breadth, but is rarely less than from two to three miles across, except in the extreme north, 
dose to the frontier, where these beds are cut out apparently by a fault, or squeezed into a 
narrow belt, a few feet in width, and in the extreme south, where they appear, in places, to 
have been removed by denudation. On the G4j river, the. tract of country occupied 
by upper Nnmmulitic rocks is about three and a half miles wide ; on the Nari Nai, from 
which its name lb taken, it expands greatly and is six miles broad. The same rocks occupy 
the broad valley of the Angai stream south of the Nari, and, sweeping round the northern 
termination of the Bhit range, form the greater portion of the valley to the eastward 
Their area in this direction has, however, yet to be ascertained. They are largely developed 
in the broad valley of Ghorlo and Malirri running south from the Manchhar Lake, and they 
are met with again about Tatta, but they do not appear to be found east of the Laki Kara 
and Eri range between Sehw4n and Eotri. They, however, occupy a large tract of country 
near Jdngshahi, and are represented in many parts of Kohist4n« Their area towards 
Karachi remains to be determined. 

5. GXj OB SuFBA-NUMMULinc Group. 
Above the sandstones of the Upper Nummulitics there is found a group of highly 
fossiliferons limestones, sandstones, and shales, distinguished by a very different fauna, 
from which Nummulites are entirely absent. This group is easily recognised by being 
composed of several thin bands of hard limestone, usually of a brown colour, but occasion- 
ally white, with sandstones and shales interstratiiied, in bands of small thickness. The 
limestone weathers into ridges which may frequently be traced for miles amongst the outer 
hills of the Ehirthar range. 

The most characteristic bands of limestone are about the middle of the formation. 
They contain EchinoderTnata (especially Breynia carinata) in considerable quantities, and 
they frequently abound in corals. The Echinodermata appear, as a rule, to be confined to 
one bed, but further examination is necessary : all that can be positively asserted is, that a 
band of limestone, 'abounding in fossil sea-urchins, occurs throughout a large area at 
about the same horizon. Towards the base of the group shales and sandstones prevail, but 
the latter may, as a rule, be easily distinguished from similar rocks in the underlying Nari 
group by being comparatively thin, each bed rarely exceeding eight or ten feet in thickness, 
and by their being interstratified with shales or limestone, often fossiliferons. The upper 
portion of the Gaj g^oup consists usually of calcareous sandstone and hard marls, with 
shales and clay, and the uppermost beds frequently abound in Turritella angulata and 
other allied species of the same genus. In some localities, as on the Maki Nai, and again 



• D'Arch. and Haime, An. Fosa. Num. de I'lnde, p. 101. 
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on the Ehenji Kai, the highest heds of the groap are days with gypsami contfiniiigf 
besides Turritella aftgulata, the following fossils : — 

Corbula trigonalis. Tellina snbdonacialis. 

Lucina (Diplodonta) inoerta. Area Larkanensis. 

These beds may, very probably, be estuarine, for Area granosa, the living Indian repre* 
sentative of Area Larkanensis, is one of the most typical of estuarine mollusks, and the 
Tellina^ Corbula, and Diplodonta* all have allies living in estuaries. These supposed 
estuarine beds are quite conformable to the overlying Manchhar (Sevalik) g^up and appear 
to pass into it. 

The G&j group, where best developed, as on the 6&j river, is at least one thousand feet 
thick. As a rule, throughout the Khirthar range, it is conformable to the Upper Nummulitics* 
but west of the Manchhar Lake, near Tandra Rahim Eh&n, it rests unoonformably upon all 
the older beds, for its outcrop extends in a nearly straight line across the Angai valley, 
which is formed by a synclinal of the Kari or Upper Nummulitic group. Further south, 
in the country south-west of Bula Eh&n*s Thana, the G&j beds are nearly horizontal over 
a large area, whilst the nummulitic beds, both Khirthar and Nari, where they rise to the 
eastward from beneath the newer formation, exhibit much greater disturbance. In one 
spot near Bula Eh&n's Thana 64j beds were found resting directly on Lower Nummolitics. 

The following is a list of the principal fossUs identified from the Grij group. Foramini- 
fera are not very common, and hitherto in Sind, as has been already mentioned, no species 
of Nummuliles has been observed in these rocks :— 

Foraminifera. 
Operculina canaliferaF 

Echinodermata, 

Echinolampas Jacqnemonti. 

£. spheroidalis P 

Breynia carinata. 

Brissus (Meoma) sp. 

Maretia sp. (undistinguishable from the 

recent M. planulata), 
Schizaster sp. 



Coelopleurus Forbesi, var. 
C. (sp. nov.?) 
Echinus Stracheyi P 
Echinanthus profundus. 
E. halaensis P var. 
£. sp. 

Echinodiscus sp. (near the recent J?, auri- 
tus, but with closed lunules). 

Lamellibranchiata. 
( P Euphus) rectust (Serpula recta, Sow). Area Larkhanaensis. 

Corbula trigonalis. 
Tellina (Macoma) subdonacialis. 
Lucina (Diplodonta) incerta. 
Astarte hyderabadensis. 
Venus granosa. 
y. cancellata. 
V. (Tapes) subvirgata. 
y. (Dosinia) pseudoargus (= D. exaspe* 

rata, Chemnitz, recent). 
Cardium auomale. 



A. Peethensis. 
A. Eurrachiensis. 
PectuDculus pecten. 
Pecten comeus. 
P. Bouei. 
P. Favrei. 

Spondylus Tallavignesi. 
Ostrea multicostata. 
0. hyotis (recent). 
0. denticulata (ditto). 



* Mr. O. Novill has done me the favour of comparing the Diplodonta and aome other apeciea, and I learn 
fxom him that a living species common in the Indian seas, which neither of ui can distinguish from the fossil 
Diplodonta, is unnamed. I am not acquainted with the precise habitat of the living form, but either the same 
or a closely allied species occun with estuarine Mollusoa at Bombay. The TeUina belongs to the subgenus 
Macoma, and is very close to 2*. {Macoma) myaformi$. Sow., a common recent estuArine spedoe. 

t A form undistinguishable from this is found alflo in the Khirthar group. In both cases the tube is certainly 
that of a mollusc, not of on f^'T^fttidi. 
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Qaateropoda, 

Turritella angulata. Buccinam CauUeyi. 

Buccinum Vicaryi. 

Crmtacea. 

Balanus soblffivis. Palseocarpilius rugifer.* 

The most characteristic fossils of the formation are Breynia carinata and Ostrea muUi- 
coMtata. Species of Clypeaster {JEchinanthus apud D'Archiac and Haime), Echinolampas 
Jacquemonti, Kuphus {?) rectus, Venus granosa, Area Larkhanaensis, A, Peethensis, 
A. Kurrachiensis, Pecten Favrei, TnrriUll^ angulata, and Balanus sublavis are also 
common. 

That the above fauna is later than Eocene is self evident, the genera of Echinodermata 
alone being amply sufficient to prove the later tertiary age of the rocks. I feel some doubt 
as to whetiier the group is as old as the Miocene of Europe. It must be borne in mind 
that one important characteristic of the European Miocene is the presence of genera now 
confined to tropical or subtropical seas, and consequently a similar fauna in subtropical Indian 
rocks may indicate a later geological age. The definite test of the age of Indian later 
tertiary rocks must be the same as that applied by Lyell and others in Europe — the com- 
parison of the fossils with the fauna now living in neighbouring seas^-and until this can be 
made, only a provisional age should, I think, be assigned to the beds. Whilst, therefore, the 
G4j group may for the present be called Miocene, as forming the middle tertiary groap of 
Sind, I think it possible that it may ultimately prove Pliocene, and that the Nari beds are, in 
part at least, the equivalents of the European Miooene. Bearing in mind that the fossili- 
ferous beds at the base of the Nari group have unmistakable miooene affinities, it is impossi- 
ble to consider the 6&j beds older than Upper Miooene. 

The Q&i group is found throughout the Ehirthar range, and usually forms the first 
well marked ridge west of the lower hills of soft Sevalik (or Manchhar) sandstones. South 
of the Nari Nai, this belt of middle tertiary beds turns to the south-east, and finally more to 
the eastward, and it forms a range of hiUs of small elevation about four miles south-west 
of the Manchhar Lake. To the south-west of the lake, the group appears to be entirely 
wanting, and the Sevaliks rest, apparently conformably, upon the Upper Nummulitics (Nan). 
The G6j beds are also absent east of the range running south from Sehw&n.t They, however, 
appear in places in the valleys to the west of that range, near Bula Khan's Thana ; and 
south-west of that place and of Tong they occupy a very larg^ tract of country, hitherto 
imperfectly examined, extending south-east towards Jdngsh&hi, and west towards the Habb 
river, along which they stretch to the neighbourhood of KarachL Their relations with the 
overlying rocks in this country require further examination. 

6. Manchhab OB Sbtalie Gbouf. 
The highest group of the Smd tertiary series has hitherto received but little attention. 
It is unfossiliferous as a general rule, and there can be but little doubt of its representing 
formations better exhibited and more fossiliferous in the Sub-Himalayan region, and already 
widely explored. It is far from impossible that further study of the Sind beds may show 
that they are separable into two or more sub-groups. In one instance at least there was 
observed evidence of probable unconfornuty between different portions of them. 



* Stoliczka, Fal. Indica. 

t A bad only two or three feet thick has just bem found repreeenting them near Vero. It rests on Khirthar 
limestone, and contains 0$lr«a nuiUieotiata, Feettn FavrH, 4fo, 
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The Sevalik beds in Sind consiBt of olays, sandstones, and conglomerates. The dajs axe 
nsnally buff or red in colour, the sandstones reddish-brown or grey. One very characteristie 
bed is a rather fine greenish-grey sandstone composed of fragments of quartz, felspar, and 
hornblend. This sandstone is often quarried for platters used to bake bread upon. In tbe 
reddish-brown sandstone the hornblend is absent. 

The conglomerates vary much in character. As a general rule, and espeoially towarda 
the base of the group, they contain rolled fragments of argillaceous sandstone and claj, 
closely resembling the associated beds in the same group. As a rule, too, except in the upper 
conglomerate at the top of the group, pebbles of the older tertiary formations are wanting ; 
but in a few instances they have been found. This is the case in one bed on the Khenji Nai, 
and conglomeratic bands containing Nummulitic limestone and G&j (Miocene) limestones are 
seen on the road between Shah Hassan on the Manohhar Lake and Pir G&ji. 

On the top of the Manchhar or Sevalik and on the edge of the alluvium there is found, 
in most parts of the Khirthar range, a very thick bed of coarse conglomerate compoaed 
of large pebbles of nummulitic limestone and other rooks, amongst which fragments of a 
quartzite are abundant. This conglomerate bed in places, as at the outlet of the 64j, cannot 
be less than two or three hundred feet thick. It is disturbed and inclined like the Manohhar 
beds beneath it, and it appears conformable to them. It has, however, an appearance of 
passing upwards into the gravels of the slope outside the range, but such appearances are 
sometimes fallacious. At the same time it is far from improbable that the conformity of 
this conglomerate to the Manchhar beds may be only apparent. 

The thickness of the Manchhar group in Sind has not been asoertsdned with anj 
certainty, but it can scarcely be less in places than five thousand feet. S' ^^' 7?! 

Except near Karachi, where some oysters were found by Mr. Fedden in beds apparently 
belonging to this group,* no marine fossils have hitherto been obtained in it, and the principal 
recognizable remains of vertebrata hitherto collected by the Survey are some bones and 
teeth of Rhinoceros and Crocodile. Captain Yicary and some other explorers appear, how- 
ever» to have found bones in larger numbers. 

From the circumstance that the Manchhar group rests unoonformably on the 6&j 
beds, which are at the oldest Upper Miocene, it is manifest that the Manchhar group itself 
cannot be older than Pliocene. This result is extremely important, if, as appears almost 
certain, the Manchhar beds of Sind are the equivalents, in part or wholly, of the Sevalik 
and Nahun beds of the Punjab, since the latter have generally been referred by all writers 
to a Miocene epoch.t The Makr6n group, the possible equivalent of the Manohhar in 
Baluchistan, is newer Pliocene or Pleistocene. 

It appears to me that the Sind beds cannot be of marine origin. With one or two local 
exceptions, they are entirely destitute of mollusca or other forms of marine animal life* 
whilst similar beds in the G&j group just below are full of fossils. The coarse conglomerate 
at the top of the group is chiefly composed of pebbles which appear to have been rolled 
in streams, their form being too oblate for them to have been formed on a sea beach. I am 
strongly disposed to suspect that the Manchhar group, despite its enormous thickness, is 

* Within the Uut few days, some more oysters have been found, also by Mr. Fedden, at Vero, west of KotrL 
They are accompanied by two kinds of BaJUmui, 

t I have, for a long time past, doubted whether the Sevalik rocks were correctly referred to so early a date 
u the Miocene, and I expressed my doubts, mainly founded on the great proportion of remains of ruminants t» 
those of other orders, to Dr. Falconer himself 9m long ago as 186S. 
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of snbaerial origioy the clays having, probahly, been fonned in an alluvial plain, and the 
conglomerates and Bandstones deposited by streams and the wash of rain from hills. 

The Manchhar group is tinconformable to the G^j group. This is proved by the oc- 
currence of fragments of the 6&j limestones in places in the Manchhar conglomerates, and 
also by the newer group in places near Sehwan and Kotri overlapping the older and 
resting unconformably upon the upper or lower Nummulitic beds. But, as a rule, through- 
out the Ehirthar range, the Manchhar beds rest conformably on those of the 6&j group. 

The Sind Sevaliks form a belt of low hills on the flanks of the Khirthar range as much 
as fourteen miles in breadth near Ghaibi Dero, west of Larkana, but usually not more than 
four or five miles wide. South and west of the Manchhar Lake the same rocks occupy a consid- 
erable tract of undulating country. They are found on the west side of the Laki hills, 
south-west of the Manchhar, and they cover much of the ground between the Indus and the 
continuation of the same range to the southward. They are also met with locally about Bula 
Ethan's Thana and in some of the other valleys of Eohistan. Their extent near the coast 
is obscure, for they appear to change in character in this direction, and they may be repre- 
sented by the Makran group :* but this point has not been determined as yet. 

The Manchhar beds were evidently deposited before the elevation of the Khirthar range, 
since they are tilted up with the beds of which the higher hills are formed. They thus 
mark the close of the tertiary period in Sind, and a break exists between them and the undis- 
turbed formations of more recent date. 

7. Kbcbnt ksj> Sub-Rbcsnt Deposits. 
Although these cover the greater portion of Sind, they possess but little geological 
importance by themselves. They are merely local forms of wide spread formations, and, 
from their simplicity, demand but brief notice. 

The alluvium of the Indus plain is rather sandy, perhaps in consequence of the great 
eiLtent to which sand is carried over the country by wind. Otherwise the alluvium presents 
no peculiarities, or at least none have been observed. 

« 

Along the base of the Ehirthar and other ranges are slopes of gravels similar to those 
found in Persia and the dry regions of Central Asia, but on a much smaller scale. These 
deposits are evidently due to the wash of rain and small streams, and similar slopes occur in 
all countries, but they are peculiarly conspicuous in the desert regions, in consequence of the 
absence of vegetation. 

Large accumulations of gravel and sand are found in many of the valleys between the 
ranges in Lower Sind and amongst the lower hills of the Khirthar. These gravels are often 
cemented into a conglomerate by carbonate of lime. 

Blown sand is frequently found in parts of the Indus plain covering the surface and 
forming low hillocks. To the east of the Indus it covers a large tract of desert country, 
separating Sind from Bajputana. 

On the correlation of the Sind tertiaries toith those in neighbouring countries, ~~T\ib 
importance of a knowledge of the rocks of Sind, for the purpose of affording a clue to the 
tertiary geology of other parts of India, has already been noticed. Much additional study of 
the fossils is necessary before anything like accurate correlation is practicable, and it is 
possible that the distribution of organic remains in the tertiary rocks of other parts of India 
may differ slightly from that found in Sind. 

* Records^ QeoIogiciU Survey, India, 187 vol. y, p. 41.. 
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The tertiaries of Eachh, south-west of Sind, were described by Oftptam Qrant in 1837, 
and have since been mapped and classified by Messrs. Wynne and Fedden (Mem. CreoL 
Snrv. India, Vol. IX). The folio winji^ groups were distingnished by the latter. I pLaoe 
against each its probable equivalent in Sind : — 

Kachh, Sind. 

F. Upper Tertiary. Manchhar or SevaUk. 

E. Argillaceous group. Gaj or Supra-Nummulitio. 

D. Arenaceous group. Nari or Upper Nummulitic 

G. Nummulitic group. Ehirthar or Lower Nummulitic. 

B. Gypseons ehales. T p ^^^^^ ^^ i,^Nni«ii.«Htio. 

A. Dub-Nummulitio. J 

At the same time it is only just to state fchat these identificatLons are chiefly based npoa 
fossil evidence contained in the detailed descriptions,* and that this evidence does not always 
coincide with the distribution of organic remains found in Sind. For instance, Nummolites 
are said to have been found in the argillaceous group of Kaohh,t whilst none have hitherto 
been met witlx in the corresponding Sind formation. Mr. Fedden tells me that it is probaUe 
that the mapping of portions of the Elachh tertiaries, which are frequently very ill-exposed, 
may require alteration. Some of the identifications of fossils, too, were made with imperfect 
means of comparison. Unfortunately it is not specified in the Memoir which of the identi- 
fications are by Dr. Stoliczka, who compared most of the forms enumerated in the detailed 
descriptions. 

Of Eathiawad we only know as yet that a tertiary series is found, near the base of 
which Nummulitic limestone occurs. Above this Mr. Theobald, in his manuscript report, 
enumerates in ascending order (a) Venus granosa beds, which are probably, in part at least, 
the representatives of the Gaj group of Sind ; (j3) Ferim beds, approximately of Sevalik age, 
and, therefore, corresponding to the Manchhar group of Sind, and (y) Milliolite beds, which 
are, possibly, the equivalents of part of the M4kran group, and are not, so &r as we know, 
represented by marine beds in Sind at all. 

In Eastern Gujrai,^ in the districts of Surat and Broach, the tertiary formations above 
the volcanic series of the Deccan traps are very ill-exposed. Near their base limestone is 
found with numerous fossils, several of which are characteristic of the Sind Khirthar group 
(Eocene), whilst higher in the series sandstones, days, and gravels with Salanus and other 
fossils occur. These may, possibly, represent the G&j group of Sind. 

Turning northwards from Sind, the first place (with the exception of the hills north of 
the modern Jacobabad, briefly described by Captain Yicary) of which we have any definite 
information is the portion of the Suliman range, recently examined by Mr. Ball,§ west of 
Dera Ghazi Khan. Mr. Ball describes beds, which he considers of Sevalik age, resting upoa 
sandstones with clays ; the latter beds are, probably, the representatives of the Sind Manchhar 
group, and Mr. Ball's Sevaliks may correspond to the massive conglomerate found in Sind at 
the top of the tertiary series. 

Of course, considering that Mr. Ball made only a flying visit to the hills at the most 
unfavourable season of the year, he may have easily overlooked some groups, and representa- 
tives of the G&j and Nari beds of Sind could scarcely have been detected without a careful 
survey. Still the absence of the massive sandstones of the former group is important. 



• 1. c. pp. 231, 289. 

t pp. M3, 280. 

t Momoirs Geological Survey of India, VI, pp. 61-65, 208, iK, 

§ Records Geological Survey of India, VII, p. 145. 
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Bat the lower portion of Mr. Ball's section corresponds well with whut is known of Sind. 
He found Nummnlitio limestone, evidently of Ehirthar age, resting upon a great group of 
alum sliales and sandstone with coal, apparently representing the Ranikot beds of Sind. 

So little has as yet been ascertained definitely about the Punjab tertiary rocks, that it is 
best to defer all attempts at identifying them until more is known of their organic remains. 
With the Sub-Himalayan rocks described by Mr. Medlicott,* the following are possible 
identifications, but the absence of marine fossils in the two upper sub-divisions of the Sirmdr 
group renders comparison difficult :«■ 

Sub'Himalaya near Ganges, Sind. 

DeYaiiJc ... ••• M« ... (••| -_ _ 

T^y /, \ Manchhar. 

^Easaoli ... ... ... ... P 

Sirmdr ... < Dagshai ... ... ... ... P 

'Sabathd... ... ... ... Eliirthar. 

The most striking point is that, so far as the examination has hitherto proceeded, no 
marine representative of the G4j Miocene group has been found north of Sind, unless the 
occurrence of a single valve of Lucina (Diplodonia) incerta in the Salt rangef be evidence 
of its existence. Mr. Medlicott notes the existence of Ostrea multicostata in the Sabatbd 
gTOup,^ but it is i&r from clear that this species, although it is so common in the Gaj group 
as to be a characteristic fossil, is confined to that horizon even in India. In Europe it is an 
Eocene form. Whether the Kasaoli or Dagshai beds represent the Nari group of Sind 
remains to be determined. 

Lastly, west of Sind, in M4kr4n, there is found a thick group of marine beds of very 
late age, certainly not older than Pliocene. This group, which is greatly developed near the 
coast, I have proposed to call the Makr&n group.§ It rests with apparent local conformity 
on an immense thickness of sandstones and shales, in which occasionally beds of Nummnlitio 
limestone occur. All this lower portion of the series, in the only country in which I was 
able to examine it, is greatly disturbed and altered, all the beds, as a rule, being vertical or 
nearly so, and it was impossible to classify the rocks below the M&kran group. 

This M&kr4n group is certainly unrepresented in Sind by any marine beds hitherto 
examined : (it must be borne in mind that the neighbourhood of the coast requires further 
attention :) most of the included fossils are recent species, and not a single characteristic 
G4j (Miocene) form has been detected in Mdkrdn except Area (Parallelopipedum) tortuosa, 
which may prove undistinguishable from Area Knrrachiensie, 

The natural suggestion arises that the Makran group may represent the Manchhar 
formation of Sind : but this remains to be proved. The one formation is exclusively marine, 
the other freshwater, and until the intervening area has been examined, it would be premature 
to speculate upon the relations of the two to each other. 

P. 5. — December 2Brd, 1876.— Since the above sketch of Sind geology was written, 
the rocks beneath the Khirthar group have received further examination, and the result 
shows that the fossiliferoas brown limestones of Tatta, Jhirk, and the country north-west of 
Kotri must be classed with the Ranikot or Infra-Nummulitic, and not with the Khirthar 

• Memoirs, Geological Survey of India, III, pt. 2, pp. 17, &c. 
t D'Arch. and Haime, An. Foss. Num. do I'lnde, p. 240. 
t 1. c. p. 100. 
§ RccordB, Geological Survey of India, 1872, Vol. V, . 41. 
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gronp. A list of some of the principal fossils obtained from these brown limestones 
given abore (p. 12). It has also been ascertained that the Khirthar group rests nncon- 
formably, in places at least, on the Banikot group, the unconformity being dearly seen «t 
Hothian pass, ten miles south of Banikot. This unconformity explains the absence of the 
foBsiliferous brown limestones, which are the highest known members of the group, at 
Banikot itself. 

Basalt, precisely similar to that seen at the base of the Banikot section, has been traced 
in several places along the range north of Banikot, and proves to be a lava flow 30 to 40 feet 
in thickness, distinctly interstratified with the sedimentaiy beds of the Banikot group. A 
second flow has been found at a lower horizon. The bed containing Cardita Beaumonii is 
inferior to the upper basaltic stratum. 

Beneath the shales and sandstones exposed at Banikot, and below the Cardita Beau- 
monii bed, there is a great thickness of brown, reddish, and white sandstones and conglome- 
rates and some dark-coloured gritty limestone, and at the base of these beds white limestones 
appear, in which no nummulites have been detected and which may prove cretaceous. Unfor- 
tunately, the south of Sehw&n and Lakki Bange, in which the sections are exposed, is difficult 
of access. It is hoped that a fuller account of these interesting beds may be given 
hereafter. 



DONATIONS TO MUSEUM. 

October 1875. — Specimen of gold (wg. 39 grs.) from Katanga mines. Central Africa, 

received from Zanzibar. Presented by Government of India. 

December 1875.— A piece of the meteorite, which fell at Jhang in the Punjab, (wg. 2 lbs. 

7 oz. 272 grs.) Presented by A. Brandreth, Esq., Commissioner, Mooltan 
Division. 
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Fbom Ibt Octobbb to SIst Dbcbmbbb 1875* 

Titles qf Books. Donors. 

BiJLT, Wh. Hbllibb.— Figures of characteristic British fossils, with descriptive remarks^ 

Vol. I, pt. 4, 1875, 8vo., London. 

Cboll, Jambs. — Climate and l^me, 1875, 8yo., London. 

Fbazbb, p. — Tables for the determination of Minerals, 1875, 8vo., Philadelphia. 
Geikib, Alex. — Life of Sir Boderick Murchison, Bart, Vols. I — II, 1875, 8vo., London. 
GuMiBLins, Otto. — Om Glaciala Bildningar, No. 1, 1874, 8vo., Stockholm. 

The Authob. 

Hatdbk, F. Y. — Catalogue of the Publications of the United States Qeologicai Survey of 

the Territories, 1874, 8vo., Washington. 

The Authob. 

HuMKEL, Datii).— Om BuUstens Bildning^, 1874, 8vo., Stockholm. 

The Authob. 

Kabsten.— Lehrbuch der Salinenkunde, Vols. I — 11, 8vo., and Atlas, folio, 1875, Niimberg. 
Macphbbson, J. — ^Bosquejo Greologico de la Provincia de Cadiz, 1872, 8vo., Cadiz. 

Phillips, John.— Illustrations of the Geology of Yorkshire, pt. I. The Yorkshire Coast, 

3rd Edit, 1875, 4to., London. 
Schimpeb, W.— Tndte de Pal^ontologie V^getale, Vol. II, pt. 2, and Vol. Ill, and Atlas, 

fol. 1870^72 and 1874^ 8vo., Paris. 
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PERIODICALS, SERIALS, Ac. 
Titles of Books. Donors. 

American Journal of Science and Arts, 3rd Ser., Vol. X, Nos. 67, 68, 69. Edited by 

Dana, &c., 1876, 8vo., New Haven. 

Tab Editobs. 

Annales dee Itfines, 7th Ser., Vol. VII, lirr. 2, 3, 1876, 8vo., PariB. 

L'Admikis. dss Mikbs. 

Annals and Magazine of Natural History, 4th Ser., Yol. XYI, Nos. 93, 94, 96, 8yo., 

London. 
Archiv fur Naturgeschichte, Jahrgang XLI, Band 1, heft 3, 1876, 8vo., Berlin. 
Bibliothlque Universelle et Revue Suisse. Archives des Sciences Physiques et Naturelles, 

Vol. LIII, Nos. 209, 210, 211, 212; Vol. LIV, No. 213, 1876, 

8vo., Qen^ve. 

Vol. LIII, Nos. 210, 211, 212 ; MV, 213, 214, 8vo., 1876, 

Lausanne. 
Encyclopedia Britannica, Vol. II, 9th edition, 1876, 4to., Edinburgh. 
Geographical Magazine, Vol. 11, Nos. 9, 10, 11, 1876, 8vo., London. 
Geological Magazine, New Ser., Decade II, Vol. II, Nos. 9, 10, 11, 1876, 8vo., London. 
Journal de Conchyliologie, 3rd Ser., Vol. XV, No. 3, 1876, 8vo., Paris. 
London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Ser., 

Vol. L, Nos. 330-332, 1876, London. 
Martini und Chemnitz.— Gonchylien Cabinet, edited by Kiister, lief. 236 — ^240, 1876, 

4to., Niirnberg. 
Mining Journal, Vol. XLV, for October, November, and December, 1876, fol., London. 
Nature, VoL XII, Nos. 306—316, 1876, Roy. 8vo., London. 
Neues Jahrbuch fiir Mineralogie, Geologic und Palsontologie, Jahrgang 1876, heft 6 and 7, 

1876, 8vo., Stuttgart. 
Pakeontographica, Band XX, lief. 8 ; XX, Abth. 2, lief, 6 ; Bd. XXIII, lief. 4 and 6, 1876, 

4to., Cassel. 
Petbbmann, Db. a. — G^ographische Mittheilungen, Bd. XXI, Nos. 9, 10, 1876, 4to., 

Gotha. 
„ Ditto ditto, Supplement No. 43, 1876, 4to., Gotha. 

PyEiFFBB, Db. L. — Novitates ConchologicsB, lief. 46, 47, 4to., Cassel. 
Pogobndobpf, J. C— Annalen der Physik und Chemie, Bd. CLV, No. 8, CLVI, 9 and 10, 

1876, 8vo., Leipzig. 

Professional Papers on Indian Engineering, 2nd Ser., Vol. IV, No. 18, 1876, 8vo., Roorkee. 

Tab Oiyil Enginbebing College, Roobkeb. 

Quarterly Journal of Microscopical Science, New Ser., No. 60, 1876, 8vo., London. 
Quarterly Journal of Science, No. 48, 1876, 8vo., London. 

GOVERNMENT SELECTIONS, Ac. 

Bombay. — Census of the Bombay Presidency, taken on the 21st February 1872, pts. I— III, 

1876, fcp., Bombay. 

Goybbnhbnt of Bombay. 

India. — Annual Report on the Administration of the Persian Gulf Political Residency, 

and Muscat Political Agency for the year 1874-76, 1876, 8vo.y 

Calcutta. 

The FoBEiGir Defabtmbht. 
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Titles of Boohs, Donors. 

India. Lists of OflRcew in the Survey Departments on the Ist Octoher 1876. 1876, fcp., 

Calcutta. 

Depabtmsnt of Rbybnub, Aobicultubb akd Commbbcb. 

„ Keport on the Settlement of the Ajmere and Mhairwarra Districts, by J. D. 

LaTouche, Esq., 1876, 8to., Calcutta. 

Ths Fobbign Dbfabthbitt. 

Punjab. — Captain Broadfoot, b. b. Obstructions which have occurred in the upper waters 

of the Indus and its tributaries, 1876, fcp. 

Gk)YBBNMBNT OF PuNJAB. 



TRANSACTIONS OP SOCIETIES, Ac. 

Amstbbdav. — Jaarboek van het Mijnwezen in Nederlandsch Oost Indie, Jahrgang III, 

Deel. 2, 8yo., 1874, Amsterdam. 

BOYAL SOCIBTT OF BaTAYU. 

Bblgiuh. — ^Annales de la Soci^te Gdologique de Belgique, Vol. 1, 1876, 8vo., Li^ge. 

Thb Socibty. 

Bbblik.— Monatsbericht der Eonig. Preuss. Akad. Mai, June 1876, 8vo., Berlin. 

Thi Acabbkt, 

„ Yerhandlungen der Gesellscha£l fiir Erdkunde zu Berlin, Bd, II, Nos. 4^ 6, 1876, 

8vo., Berlin* 
„ Zeitschrift der Deutschen Gkolog^hen Oesellschaft, Band XXYII, heft 1, 

1876, 8vo., Berlin. 

Thb Socibty. 

BBBSLAU.—Abhandlungen der Schlesischen Gresellschafb fiir Yaterlandische Cultur, Abth. 

1869-72 and 1871, 1871 and 1872, 8vo., Breslau. 

Thb Socibty. 

„ Neun-und-vierzigster Jahres-Bericht der Schlesischen Geaellschaft fiir Yater« 

landische Cultur, 1874, 8vo., Breslau. 

Ditto. 

Calcutta. — Journal of the Asiatio Society of Bengal, New Ser., Yd. XLIY, pt. I, No. 3, 

1875, Calcutta. 

Thb Socibty. 

Glaboow.— Proceedings of the Philosophical Society of Glasgow, Yol. IX, No. 2, 1876, 

8yo., Glasgow. 

Thb Socubty. 

London.— Proceedings of the Royal Society of London, Yol. XXIII, Nos. 162, 163, 1876, 

8vo., London. 

Thb Socibty. 

„ Transactions of the Linn»an Society, Yol. XXYIII, pts. 3 and 4 ; Yol. XXIX, 

pte. 2 and 3 ; Yol. XXX, pts. 1, 2, 3, and 2nd Series, Botany, 
Yol. I, pt. 1; Zoology, Yol. I, pt, 1, 1873-76, 4to., London. 

Thb Socibty. 
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Tillet of Boohi. Donort. 

LoMDoir.— Proceed! Df^ of the I4nn»sn Sodrty for 1873-74, 1874, Sto., London. 

The Socibtt. 

Joomiil of the Linnmn Society— Botany Vol. XIII, Noi. 66—72. Vol. XIV, 
No». 73-80, and Zoology Vol. XII, No«. 58, 69, 1871—76, 8to., 
London. 

Dirro. 

Jonmel of the Bojol Oeographioal Society, Vol. XLIV, 1871, 8to., London. 

Thx SOCIBTT. 
Proceedings of the Eoyal Geographical Society, Vol SIX, No. 7. 1876, Svo., 
London. 

Ditto, 

„ Quarterly tToarual of the Oeotogieal Society of London, Vol. XXXI, 3, No. 123, 
1876, Sto., London. 

Thb Sociitt. 
. „ Joaroel of the Koyal Asiatia Society of Great Britain and Ireland, VoL II, 

pt. 2, 1876, 8to.. London. 

ThbSoootx. 
„ Proceeding! of the Boyal Aeiadc Society of Great Britain and Ireland, 1875, 
8to., Hertford. 

Ditto. 
„ Joamal of the Anthropological Inetitnte of Great Britain and Ireland. Vol. V, 
No. 1. 1876, 8to., London. 
Lice AH HE.— Bulletin de la Soci^t^ Vaadoiee dei Sciences Natorellee, 2me Ser., Vol. XIII, 
No. 74, 1876, Sto., lAosanne. 

The Socinr. 

Moscow.— BaUetin de la Socldtj ImpMale dee Natoralutee de Uoecow, Vol.ZliVIII, No. 4, 
187S, 8to., Moscow. 

The Sociktt. 
New ZeilakD. — Transactions and Proceedings of the New Zealand Institute, Vols. V, VI, 
VII, 1873—75, 8to., Wellington. 

The IssTrrcTTE. 
Pabis. — Bulletin de la Soci^t^ Q^logiqne de France, 3me. Ser, — 
Vol. II, No. 7, 1874. 
Vol. Ill, Nob. 6, 6, 7, 1876, 8to., Paris. 

The Societt. 

Philadelphia. — Joamal of the Franklin Institute, 3rd Ser., Vol. LXIX, Nos. 6, 6, 
Vol. LXX, Nob. 3, 4, 1876, 8to., Philadelphia. 

The Ihbtitiite. 

Rome.— Bollettino Beale Comitato Geologico d' Italia, 1876, Noa. 7 and 8, Sto., Rome. 

The Cohhisbioh. 
St. Petebsbuioh.— Minioires de 1' Aoad^ie Imp4ria1e des 8cien;ee de St. Petershnrg, 7th 
Ser.. Vol. XXI, Nos. 6—12, Vol. XXII, Nos. 1—3. 1874-75, 
4to., St. Petemburg. 
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Titles of Books. Donors. 

St. Petbbsbuboh. — Bulletin de V Acaddmie Imp^riale de St Feienbnig, Vol. XIX, Nos. 4, 

6, Vol. XX, Nob. 1, 2, 1874^ 8vo. 

ThB ACADSICT. 

Stockholm. — Syeriges Geologiska Undersokning, Nos. 50-53, with mapB, and map of 

Nob. 46— 49. FoUo. 

BUBEAU GXOL., SUBDS. 

Sydnbt.— Transactions of tiie Boyal Sodety of New South Wales for tiie year 1874, 1875, 

8vo., Sydney, 

Thb Society. 

„ Mines and Mineral Statistics of New Soutii Wales, 1875, 8vo., Sydney. 

Bbyd. W. B. Clabxs. 

ToBONTO. — Canadian Journal of Science^ New Series, Vol. XII, No. 6, VoL XIII, No. 5, 

1870, 1872, 8to., Toronto. 

Canadian Institute. 

VicTOBiA, — Beport of the Chief Inspector of Mines, to the Minister of Mines for the yeu 

1874. 1875, fop., Melbourne. 

Govt. Mining Deft., Viotobii. 
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Beports of the Mining Surveyors and Begistrars for the quarters ending Slst 

December 1874 and 31st March 1875. 1875, fcp., Melboome. 

Ditto. 

„ Prodromus of the PalsBontology of Victoria, Decade II, 1875, Boy. Svc, 

Melbourne. 

Ditto. 

„ Mineral Statistics of Victoria for the year 1874. 1875, 4to., Melbourne. 

Ditto. 
Vienna.— Sitzungsberichte der E. Akademie der Wissenschafben, Band LXIX, Abth. I, 

heft 4, 5 ; Abth. II, heft. 4, 5 ; Abth. Ill, heft 1—5. 

Band LXX, Abth. I, heft. 1, 2 ; Abth. II, heft 1, 2 ; Abth. in, heft. 1, 2, 1876, 

8vo., Wien. 

Thb Acadbmt. 

„ Jahrbuch der K. E. Geologischen Beichsanstalt, Band XXV, Nos. 1, 2, 1875, 

8vo., Wien. 

The Institutk. 

„ Abhandlungen der E.E. Geologischen Beichsanstalt^ Band VIII, heft 1, 1875, 

4to., Wien. 

Ditto. 

„ Verhandlungen der E. E. Geologischen Beichsanstalt, 1875, Nos. 1—10, 1875, 

8vo., Wien. 

Ditto. 
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The Bbtibbmbnt of Db. Oldhim. 

This number of onr Becords would be ladly wanting without a word of grateful 
farewell to the man who has condacted the labours of the Geological Survey of India 
from their beginning until now. When Mr. Oldham came to India in 1851, the Geological 
Survey cannot be said to have existed. Some coal-viewers and improvised geologists had 
made occasional reports to Government, but there was nothing that could be called an 
institution, either as to staff or abiding-place. Professor Oldham conferred at once upon 
his post the influence of a well-known name, and the experience he had for years acquired 
as Director of the Geological Survey of Ireland. With those g^uarantees, by personal 
address and energy, he quickly acquired the confidence of Government, and by its liberal 
support he was able rapidly to bring together an efficient body of working geologists, with 
and through whom he soon began to throw light upon the rocks of India. Of the value 
of his services, as exhibited in the publications of the Survey, Dr. Oldham has repeatedly 
received very high testimony from the scientific world. To appreciate fully what he has 
effected, one should have experience of the position, where every means, material and 
personal, had to be formed or imported ; and further, one should see what is pnly known 
to those present, the very valuable library and the extensive collections brought together 
by his care. Due honour paid to the intelligent liberality of the Government of India, 
it is to Dr. Oldham, whether as Superintendent of the Geological Survey, or as President 
of the Asiatic Society of Bengal, more than to any other man, that Calcutta owes the 
magnificent museum-building it can now boast of. All this he now leaves to his colleagues 
and successors. Failing health compels him to retire from the service, and leave the country 
before he could give form and unity to his labours. Those who reap where he has sown 
should ever remember the great debt they owe to Dr. Oldham. 
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X0TB8 OK THE AOB OF 80XX FOSSIL FL0B18 OF InDIA, hy OtTOEAB FbISTICAKTBL, M. D., 

Geological Survey qf India, 

I AVD II. 

Whilb p^nparing detuled descriptions and investigations of the several fossil floras 
of India, with drawings of all the most important specimens for the Pabeontolc^ia Indica, 
I think it hest to give hrief outlines in this place of the results I have obtained from the 
study. Though persuaded of their interest, both general and special, I must not presume 
that every naturalist can and will take the time and trouble to study those detailed investi- 
gations. All may, however, easily master the results if offered to them in this short form. 

It is necessary to preface these papers with a notice of the formations to which they 
refer. The best known, because almost ^the only fossilLEerous, rock-series in the peninsular 
area of India, is that usually spoken of collectively as the plant-bearing series. This is an 
awkward designation ; and I will at once adopt instead the name GokdwXva series or 
system, to be understood in the same wide sense as when we speak of the Jurassic or 
Silurian series or system. The name was proposed some years ago by Mr. Medlicott, and 
has since been more or less current on the survey ; it has been once used in print by 
Mr. H. F. Blanford in his little work on the Physical Qeology of India. We have in India 
important coal-bearing strata of cretaceous and nummulitic age, quite distinct from the 
6ondw4na series, to the flora of which we will first call attention in these papers as of more 
pressing interest 

From Baniganj, on the western edge of the Delta of the Ganges, these formations 
stretch in detached basins up the valley of the Damuda, between the crystalline masses 
of Chutia Nagpur and Hazaribagh. Smaller patches also occur on the northern portion 
of the latter area, in some of the valleys, and along the border of the gneiss towards the 
plains of the Ganges. The Bajmahal area belongs to this position. From the head of the 
Damuda they stretch into the valley of the Sone, spreading out there into the wide basin of 
South Bewah. A narrow band of the topmost group, passing by Jabalpur, connects this area, 
across the gneissic mass forming the watershed of the peninsjila, with the large basin in the 
Satpura range, on the west side of which, along the Moran river, the stratified series passes 
in force beneath the trap rocks of the Deocan. Some few inliers have been detected beneath 
the trap further to the west in the Narbada valley, as about Barwai. Throughout the entire 
coarse along the Sone and Narbada valleys, the boundary of the Gondw4na series runs dose 
to the great Yindhyan plateau, from the scarp of which it is everywhere separated by a 
varying belt of gneissic or schistose rocks. 

Far removed to the west, but still within the rock-area of the Indian peninsula, plant- 
bearing beds of the Gondw&na age have long been known to occur in Each. 

This northern region of the Gondw&na deposits, stretching obliquely across India 
from east-north-east to west-south-west, has two extensions to the south. The South Bewah 
basin is continuous across the watershed of the Sone and Mahanadi rivers, through Sirgajah 
into Baigarh and Hingir, towards the Talchir coal-field and the Atgarh area below Eat4k. 
On the west, in the Satpuras, the Gondw&na rocks occupy the watershed between the Nar- 
bada and the basin of the Godavari. It is doubtful whether they were ever continuous in 
thisfdirection, but they here at least come into proximity to the deposits of the same age 
at Nagpur, and extending from here down the valleys of the Wardah and Godavari to 
Bajamandri. From the Delta of the Godavari there occur detached patches of these rocks 
along the coast of the Eamatik to Trichinopoli, fringing the great expanse of gneissic ro^ 
forming the high land of the interior. 

There is only one extra-peninsular region in India where rocks of this sge have been 
identified— idong the base of the Eastern Himalaya, in Sikhim and Upper Assam. 
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The following table exhibits <he various groaps into which the Gondwana series is at 
present tentatively divided in the several regions :— 



Bengal. 



BijmaliAl. 

Puohet. 
^ rBaniguij. 
g •< Ironstone ahalee. 
^ LBankar. 

Talchir. 

Gndas. 



South Bewah. 



Jabalpnr. 

Pali. . 

Barakar. 
Talohir. 



GneiBs. 



Satpon. 


Oodavari. 


Kamatik. 


Jabalpnr. 


Rj^mahal. 


B«jmahal. 


Xahadeva. 






Almod. 






B\|oii. 


KamthL 




Motnr. 






Barakar. 


Barakar. 




Talcbir. 


Talcbir. 




Gneiss. 


Yindhyans 
and gneiss. 


Qneiis. 



Kaoh. 



Kach. 



£. HimalsTa. 



Oamnda 



Most of these strata contain only plant remains. Some widely separated localities 
have also yielded a few vertebrate fossib of fish and reptiles, for which various ages have 
been assigned— paleozoic, triassic, and liassio. It is only in Kach and on the east coast 
of the peninsula that the i^per members of the series are found associated with beda 
containing a well-marked marine moUuscan fauna ; and these have been taken to give the 
horizon of these groups. The plant beds of Kach alternate with and overlie strata having an 
upper Jurassic fauna ; and a similar association of the Bajmahal group has been found near 
Bajamandri and in parts of the Kamatik. While, at Trichinopoli, plant beds of about the 
same horizon underlie the well-known upper cretaceous rocks of that regiod. The evidence 
of the plants will be seen to indicate a much lower homotaxeous position for these strata ; 
thus establishing a marked paheontological discordance between the marine and terrestrial 
OTganisms of this geological epoch in this region. In such cases we must only say, the flora 
of this or that locality (or stratum) is of such an age, and was still growing on the coast, 
when already a younger fauna (but of the same epoch) was living in the sea. This is the 
only way to explain these so-called palaeontological contradictions between the fiiuna and flora 
of the same strata. 

My examination of the collections has so far indicated the existence of five distinctive 
floras in the following horizons of the Gondwdna system :— 

1.— Kach (in Kach). 

2.— Rajmahal (in different places). 

3.— Panchet (in different places). 

4. -Damuda (m different places), including the Baniganj (Kamthi), Iron-Shale, 

and Barakar groups. 
6. — ^Talcbir. 

It is, of course, possible that furtiier research may necessitate modifications or additions 
to ttis classification. The present papers contain my observations on the flora of tiie 
Kach beds, m Kach, and of the Rajmahal group in the R^mahal Hills, and at KolapiUi 
in the Godavan district. 

I.— Flobi op thb Kach sbbibs (Cutch). 

The flora of Kach, in comparison witii the animal remains from the same formations 

IS rather poor, especially in tiie number of genera and species. There are, however, enough 

chara^nstic genera and species for determination of the age of the flora as a whole 

though It IS not quite so easy to determine the age at each locality witii the same accuracy ' 
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For mj pnrpofle it will be sufficient and most nseful to represent tbe flora first in a 
general systomatical review, and then may follow the localities with their characteriayc 
species and their probable correlation. 

A. — ACOTTLXBONSS CbTFTOOAMJE. 

I.^^Alffa, 

Of this family I have not met with any specimen, bat Mr. Morris, in Captain Grant s 
Geology of Kach, describes a I^usaides dichotomtu, Morr. Although I am quite unable 
to form an opinion as to whether Mr. Morris is right or not (because I hare not seen the 
original specimen), I may remark that there is no objection to take it so, as from the same 
strata of other places (England) Alga are mentioned. I would only add that if it b an 
Alga, it is a Chondrites, with the same spedfic name. 

Locality not indicated. 

IJ.— JRZicM. 

Ferns are not very frequent, but some most characteristic genera and species occur. 
Already in the representatives of this family, we can see the character of the strata. 
At least we must, on the first view, say that they are Mesozoic, the spedes may then 
determine nearer. 

1. Order, TiBniopterides. 
As we will also find in the Rajmahal group, this order is abundantly developed, but 
represented by some different species. This is the first difference we may notice between 
these two floras. 

In the division of this order, I follow the newest by Mr. Schimper— 
a. — Taniopteris, Bgt, mostly Palnozoic. 
b, — Angiopteridium, Schimp. Mesozoic 
c. — Oleandridium, Schimp. Mesozoic. 
d, — MaeroiiBniopteris, Schimp. Mesozoic. 
e. — Danaeopsig, Heer* 
/. — Danaitei, Goppt. 
Our species are — 

a. — Oleandridium vittatum, Schimp. (Tteniopterie vittata Bgt.) Some specimens 
agreeing quite with Brongniart s drawings and those of Lindley and Hutton, also with those 
of Young and Bird, Phillips, Ac., from the English Oolite (Scarborough), are known 
from Kukurbit, in a grey sandy clay. It is an important species. 

5. — TiBuiopterie deruinertds, Fstm. The firagment from which this species is made I 
take to be a real Taniopteris, Bgt. 
Locality: Kukurbit 

2. Order, Pecopterides, 
Some fragments occur ; a few of them are of considerable importance* 
a.—Aleikopteris, Whitbyensis, Gopp. Pecopterie Whithfeneie, L. and H., Tab. 134 
(Foss. flor. of Great BriUin.) 

Some fragments of a true Aletkopteris, Goppt. Oeaflets attached by the whole base 
and connected together), I could only identify with this species, which occurs mostly in the 
English Oolite, although it has been also found in the Lias sic strata. This species is 
often mentioned in books under the most different synonyms. In my detailed descriptions 
I have brought them all into the relation I think most correct 

Locality : Doodaec, in a reddish-grey soft clay. 
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5. — PeeopUrit (cyatheides) tenera^ Fstm. A small fragment of a pinna I place here, 
but ir 18 of no special importance. 

Locality : the same. * 

3. Order, Neurqpterides, 

It 18 with Mr. Schimper that I agree in placing the following genus and species in 
this order, while by other authors it has been assigned to a quite different order. To 
discuss this point here would be out of place. The genus is Pachypteris, Bgt., which 
I take in Brongniart's sense, and unite with it some Sphenopteris and Neuropteru of 
Phillips, D%chopier%8 of ffigno, and SclerqpterU, ex. p. Saporta. It is of Jurassic age. 

a. — Paeh^teris spedfiec^ Fstm. There is no doubt that the specimen I have so 
named belongs to the same genus as Brongniart described. It is very near Brongniart's 
species of Paekfpterii, also to Dickopteris vinanica, Zigno* 

These species, with which ours agree, are lower Oolitic (Scarborough and Italy). 
Locality : Bhoojooree, in a soft reddish clay. 

5. — Pachypteris brevipinnaia. This form, which I believe to be the same genus, 
I so name on account of its shorter pinn». Locality. — Eukurbit. 

4. — Order, Cyelopierides. 
Genus, Adinopteru, 

m 

Some peculiar, orbicular, and radially striated forms from Bayreuth M. Goppert, 
described first as Cyelqpt, peltata, Gopp., and we find this locality mentioned as Keuper. 
But later, &om the researches of M. Schenk, these localities near Bayreuth (Culmbacb, 
Yeithlahm) are determined as belonging to the interposed strata (between Keuper and 
L i as) called Bh oat i c. This species, too, was independently changed into AciinopierU peltata, 
Schnk. I have now found thb form in the Each series. There are three specimens quite 
agreeing with all the drawings ; so I am, no doubt, correct in the identification, although 
I am stiU quite unable to say anything distinct about the nature of these fossils. Prof. 
Schimper regards them as pseudo-fossils, formed by infiltration; but on this supposition 
their constant form and limited occurrence in the Juro-triassic epoch, most near the 
division boundary, would be inexplicable. 

Zoeality: Near Gooneri; in gray, sandy clay, as at Kukurbit. If I do not accept 
this locality to be Rhoetic, I must at least accept this fossil as an indication of a lower 
horizon than has as yet been assigned to these plant beds. 

B. — COTYLBDOKBS PHAKBSOOAMiB. 

I. — Cyeadea, 

This family, which was in India generally very abundant in the floras of Jurassic 
times, has the most representatives also in the Each series. We will, however, see that 
the representation here is in a different manner than in the Bajmahal beds ; and this is 
another point of difference between these series, which were formerly thought identical. 

1."— Genus PtUophyllum, Morr. 

I take this name of Morris, and not the later Pakeozamia, Endl., because our genus 
is indeed quite different from all others, and therefore also from Palaozamia, as Schimper 
and Saporta have also lately shown. 

This Piilophyllum is a truly Indian type, forming the only link between some Indian 
local floras ; and we can ascertain independentiy that the PtUophyllum (Palmozamia) 
bearing beds are all of Jurassic (lower) age.* 



• It may be well to note that I qm the clusiflcatioii making the Junetlc to inelade LU». 
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a. — PtUophyllum Cutehense, Morr. {PaUBozamia Cutehefuii, Morr. and Oldh.) 
Thitf 18 ihe predominant form, with shorter and more obtase leaflets. I distinguish seveiai 
varieties which I need not enumerate here. Locality : Kukurbit and Bhoojooree. 

h, — Ptilophyllum acutifolium, Morr. Mr. Morris, in Captain Grant's Geology (Trans- 
actions, Geolog. Soc., 1840, Vol. V, 2 Ser., p. xxi, f. 123), fig^es several specimens, 
bat I have observed only one. Localiiy : Bhoojooree. 

2. — Genus Otozamites, Braun. 

e. — Otozamiies eantiffuus, Fstm. Some fern-like forms have been formerly placed as 
Otopteris; but I believe it is best to take them all still as Otozamites, Braun; it will at 
least avoid confusion. 

The above species is one of those with short pinnultB. Locality : Kukurbit. 

d.^~Otozamites ifnhrieatuSf Fstm. A species with longer pinnula, which are so 
inserted on the rhachis that they are imbricated. Locality. — Loharia; in ferruginous 
fine-grained sandstone. 

e. — Otozamites cf. Qoldiaei, Bgt This is one of the groups with long pinnula; and 
I consider our specimen closely allied to Brongniart's species from the English Oolite ; and so 
a species of more importance than the others. Locality. — Kukurbit. 

3. — Genus Oycadites, Bgt 

f. — Cycadites Cutchetuis, Fstm. A very delicate species, with the distinct midrib of 
Cyeadites. Very close to Cycadites zamioides, Leckenb., differing only by the insertion 
of the leaflets on the base. This latter is also an Oolitic species from England (Scar- 
borough). Locality : Kukurbit. 

4. — Grenus Williamsonia, Carr. 

There are three species of a fossil from Kukurbit, brought by Mr. W. T. Blanford, 
which I place in the genus Williamsonia, Carr., from the English Oolite (Linn. Transact, 
Vol. XXVI, p. 680. PhilUp's Yorkshire, iii edit., 1876, p. 227, PI. XXI 7, f. 6), and which 
I will describe as Williams, Blanfordi, Fstm. 

Of less importance is Cycadolepis, Sap., which occurs also near Bhoojooree in one 
specimen, and to which I give the specific name CycadoL pilosa, Fstm. 

II. — Canifera, 

Among the remains of this class are again some very important species for the 
determination of age, as they in general are very characteristic of the strata in which 
they occur. 

1. — Genus Palissya. 

From three localities we have got coniferous branches, which I place without hesitation 
in this genus, because they have its peculiar characters. 

a,-'Palissya Bhojoorensis, Fstm. This species I think different by some marks from 
Pttlissya Brauni, Esidl., and from th^t occurring in the Rajmahal series, P. Oldhami, 
Fstm.; so I name it as above. Locality : Bhoojooree; in reddish soft clay. 

*• — Palissya sp. like that from the Bajmahal series, and also from the Jabalpur group, 
which is probably of the same horizon. 



*ABT 2.] FeUtmantel: Fossil Floras of India. 83 

This specimen is from Thrombow, and I think perhaps this locality is lower in &ge than 
the others. This species signifies again that we shonld take for the Kach series a lower age 
than has lately been given to it. The other species of ferns and the other conjfenB suggest 
the separation of the Each from the Rajmahal series. 

Two other branchlets occnr, which I would consider also as Palissya, Endl. They 
resemble very much Phillips' Toadies laxus, PhilL, which, however, seems ako to be a 
Palissya : and I would designate it as PalUsya laxa, Phill., sp. 

2. — Gbkus, Pachyphyllum Bgt. 

a.^Tachyphi/llum divarieatum, Fstm.— A coniferous branch, agreeing quite with 
CrypUmeritea divarieatus, Bunb., from Scarborough ; but I believe this fossil more correctly 
placed in the genus Pachyphyllum^ Schimp., as I have also placed our specimen. 

Locality: Kukurbit. 

3. — Schinostrohut, Schimp. 

a.'-Mhinostrobw expawtus, Schimp. The most frequent, and also quite characteristic 
coniferous plant, is a form with thin and dichotomous branches, having the general aspect 
of a Thvya or Ouprasus, and which also at first was described as Thuytes expatuus, 
Stbg. (Phillips). It is now placed by Schimper in his new genus JEchinoitrobus, Schimp. 
This species also is thus identical with a species from the English Oolite. 

Locality : Kukurbit, frequent. 

4. — Scales of fossil cones. 

Very remarkable also are some rather frequent fossils, which on the first view must be 
recognized as scales of fossil cones. If we look after analogies in existing literature, we 
find some quite the same in Phillips' Geology of Yorkshire, and recently in Mr. Carruthers' 
paper on some undescribed coniferous fruits from secondary rocks of Britain (Geo. Mag., 
1869). Phillips mentioned this fossil as " winged seed" ; while Mr. Carruthers described them 
with Araucarites as scales of cones of this genus. Our fossils are of the same kind. 

Locality : Pretty frequent at Kukurbit 



This may, therefore, be the general view of fossil plant remains from Kach :— Generally 

considered, the flora declares itself at once as Jurassic. The particular horizon must be 

determined by the most characteristic fossils. These are — Oleandridium {Taniopteris) 
tnttaium, Schimp. Alethopterie Whitbyensis, Gopp. ; Gen. Pachypteris, Bgt.; Olozamitee 
cL OolduBi, Bgt. ; Cycadites Kachensie, Fstm. {Paliseya, Endl.) ; Pachyphyllum divari- 
eatum, Fstm. ; Mchvnoetrchui expaneus, Schimp. Scales. 

All these fossils occur in the English Oolite of Scarborough and Whitby: and 
the same plants from Jurassic strata in Each may be placed generally in the same age. 
While some localities seem to indicate a lower horjzon, we can say that the Jurassic strata 
of Each generally are of an Oolitic age; and it is of a lower Oolitic horizon, corre- 
sponding to the strata seen on the Yorkshire coast at Scarborough and Whitby, with 
which our flora has about ten genera and species in common. With the Oolitic flora of Italy 
and France there are only some genera in common ; as is also the case between those floras 
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and the English Oolitic floia. With the B^jmahal series, as we will see, the Each heds 
have only about three or four species in common, while, moreover, there is a great difference 
in the most characteristic forms. 

The localities here mentioned are (taking the supposed oldest first) : — 

l.—^ear Gooneri, with Actinopteris (Schenk)*like forms ; gray sandy clay. 

2. — ^Thrombow, with Palusya, like the same from the Bigmahal series and the 
Jabalpur group ; in the same gray sandy clay. 

These two indicate a lower age, and perhaps represent .the Bajmahal series in Each. 

3. — Eukurbit, with most of the characteristic types : Oleandridium, Otozamiief, 
Cjfcaditet, Palitsya^ Fachyphj/llum, Echinottrohrtt (Thuyte*), fossil scales, all with 
oolitic species; in gray sandy clay. 

4. — Bhoojooree, with PachypterU specifiea ; in a reddish soft clay. 

5. — Doodaee, with Alethopteris TFhitbyefuis, Gopp. ; in a reddish-gpray soft clay. 

These three, it can scarcely be doubted, are of lower oolitic age. 

6. Loharia, with Otozamites imbrieatus, Fstm. ; in a f erruginoos sandstone. 

All of these can be determined with more or less accuracy as lower Oolitic, excepting 
Loharia, which is not so distinct. But generally a lower oolitic age must be taken for 
them ; only the two localities^ Gooneri and Thrombow, indicate a lower horizon. 

As I have already mentioned, there seems to be a ** pahBontological contradieHon" 
between the evidence from the animal and from the plant remains. The latter occur in the upper 
groups of the local Jurassic series as described by Mr, Wynne, the marine fauna occurring 
in the lower groups. According to Dr. Waagen's researches on the Ammonite fauna, this is 
not older than Bathonian; and yet the plants, which are from a higher horizon, indicate 
generally an age as old as the Bathonian or Bath -oolite, and some of them a still 
older horizon. 

Such are the palaaontologioal facts regarding which we can only say that plants of lower 
oolitic age still flourished in this region after that animals of younger strata had been living 
in the adjoining sea. It would seem, moreover, from the fact that Ptilopkjfllum, Morr., 
and other species occur also in the Bajmahal series, that the flora of Kach, though generally 
oolitic, had an earlier existence in India than in the strata of England. 



II.— Flora of the Bajmahal Sbbibb (ik the Rajtmahal Hills and 

GODAYEBI DisTBICT). 

The flora of the Bajmahal series in general, and especially that of these strata as 
typically seen in the Raj^iahal hills, is more abundant than the Kach flora, both as 
regards the number of specimens as well as of genera and species. I will therefore first 
discuss shortly the flora as exhibited in this region, and having established the typical forms 
here, we can recognize them in other places. 

The fossil plant-remains of the Bajmahal series in the Bajmahal hills have formed 
already the object of a valuable work begun by Mr. Oldham and Pi*o£ Morris, but of 
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which only six fasciculi appeared, with 85 plates and 62 pages text.* The following is a 
systematic abstract of the collections np to datef : — 

A. CSTFTOOAUf ACOTTLXDONES. 

I. — Equi»et€UietB, 

Perhaps in all formations characteristic forms of this order occurred. We have from here 
JBquUetum, called JSquiseium Bajmahalense, Schimp, (Oldh., Morr. PL II, f. 2-3. PI. XXXV, 
f. 3-4), which is near to some liassic and rhcotic forms. In Elach, as we saw, no Equisc* 
taeea were observed. 

n. — Itlices, 
These are pretty freqnent in the Bajmahal hills, with some most characteristic forms. 

1.— Order SphenopteridiB, 

a, — SphenopterU, Bgt: by Sphenopt Sislopi, Oldh. and Morr. PL XXXI; 
Sphenopt, membranosa, Fstm. and SpheTtopU arguta, L. and H. ; PL XXXII (0. and 
M.) ; this is an Oolitic species in England. 

b.-^Dicksonia : by Dlchi, BindrahuTiensis, Fstm. PL XXXYII, f. 2-2a ; this is a 
8phei%opteris'\ikQ fossil with a fructification by which it must be placed as Dicksonia. 

c. — JBCymenophffllites, Bgt., by Hymenophyllites Sunburyanus, Fstm. {Sphenopt. 
JBunbwyana, Oldh. and Morr. PL XXXII f. 6-6.) 

2. — Order NmLropteridei. 

a. — Oyclopteris, Bgt. On Plate XXXYI (Oldh. and Mor.) (not yet published) are 
drawn two fragments of a CyclopteriS'Vik^ leaf not well defined. Later I got two others, 
one of them quite distinct, with the characters of a Cjfclopteris, which, therefore, may 
bo called Cyclopieris OldhanU, Fstm., PL XXXYII, f . 6-6. 

5. — I%inttfeldia, Ettgh. A very interesting genus already known by A. Braun (1840), 
but described as Kirchneria Br., and later by still other names. The systematical position 
IB, following Mr. Schimper, with the Neuropteridea, in which I must agree with him. 
The geological horizons for this genus are Lias and B hoe tic. We possess from 
Buskoghat a specimen of a plant which I took at once to be a Thinnfcldias and this has 
been confirmed by the discovery of another well marked specimen near Bario, so that I 
will describe this pLmt as Thinnfeldia indica, Fstm. PL XXXIX f . I-Ia, PL XLYI f . I.2-2a. 

3. — Order Pecopterides, 

There are some quite distinctive forms for the Bigmahal series, and also for the charac- 
ters belonging to this family. 

a. — Pecopteris gleichenoides, Oldh. and Morr., PI. XXY, XXYI; placed by Schimper as 
Gleickenites, and called Ol. BindrabunensU, Schimp. ; is very frequent and typical for 
these strata. Schimper may be right. Mr. Oldham also placed this species as Gleickenites. 

5. — Pecopteris (Alethopt.) indica, Oldh. and Morr., PL XXYII, is indeed an AletAop* 
teris with the same specific name. It is allied to Asplenitee B'dsserti, Schenk, from the 
BhcBtic (Bavaria), and to some other species of Alethopteris ; important. Pecopt. ealici' 
Jblia, Morr., is also to be placed here. 

* The flgoTM which M.M. Oldham and Monis hare already given in their work I will mark, "Oldh., Morr., 
PL , flg. " ; thoae to be drawn in my continuation of that work are here marked as " Fstm., PI. fig. ." 

t Besides the plant remains I am going to describe, there are also fossil siliclfled woods pretty abundant, 
which, however, I am unable to mention here, as they want more examination. 1 will deMribe them kter 
together with others of the same kind. 
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c. — Pecopterig (AtpleitUes) maeroearpa, Oldh. and Morr., PI. XXVIII, is an AtplehUe^ 
very near to Asplenites Ottanis, Schimp., also from the Bhoetio (Bavaria); important. 

d» — Pecapteris lobata, Oldh. and Morr. PL XXIX, XXX, pretty fireqaent; itniay 
retain this name ; it seems an Indian type. 

4. — Order Taniopterides, 

This family gives one of the chief characters of the Bajmahal series, especially in the 
Bajmahal hills; there are very fVeqnent large and interesting forms which are very 
important for the determination of the age. 

a, — MaeroianiopterU (Taniopteris) lata, Schimp., (Oldh. and Morr.) Fl. I, II, lY, 
Taniopteris mvsafolia (Oldh.) Sohimp., which are not really different, represent the 
character of this family, heing very near to Taniopi, (MacrotiBniopt) gigantea^ Schimp., 
from the Bhoetic. 

h. — Tofdopi, (Angiopteridium) McClellandi, Oldh. and Morr., PI. VI, (Tumiopi. 
spaihulata, MoOlelL), being near to Angiopteridium (Tceniopt) MUruterif Schimp., from 
the B hoe tic, these two fossils indicate a lower age for this series than that hitherto 
supposed. 

e. — Tieniopt. ovcUa, Schimp., described as Tteniopt, ovalie (Oldh. and Morr.), but 
different, as I find by the denticnlation of the margin. 0. M. PL III; Fstm. PL 

xxxvn, f. 1. 

d, — Macrotaniapt. Hforriei, Oldh., is also a separate species. 0. M. PL III, lY. 

e. — JDanaopiis Bajmahalenns, Fstm. PL XXXVIII. 4. The essential characters of 
this very interesting genus are, I believe, exhibited in this species. 

In the OryptogamoB we may, therefore, note as important JSquisetum JRajmahaletue^ 
Schimp., Thinnfeldia indica, Fstm., Alethopteris indica, Oldh. and Morr., Aletkopt, 
macrocarpa, Oldh. and Morr., Maerotaniopierig lata, Oldh., and Angiopteridium 
McClellandi, Oldh. and Morr. 

B. — PHANEBOOAMiB— OOTYLBDONRS. 

l.-^Zamiea, 

In this class we find another marked character of the Bajmahal series, by which again 
this flora differs quite distinctly from that of the Each series. 

aj'^Pterophyllum, Bgt The most developed genus, with a great variety of forms, 
of which the most characteristic are Pterophyllnm carterianwm, Oldh., PterophylL Mor-- 
risianum, Oldh., Pterophgllum prineeps, Oldh. and Morr. (which is quite near to Pteropk. 
Braunei, Schenk, from the Bhostic), PterophylL JRajmahaletue, Morr. &o., as they have 
been described and figured by Oldham and Morris. PL X, XVIII. 

5. — Ptilqphgllum, Morr. About this I have already said that I take this name instead 
of PalcBOzamia, £ndL, observing it as an Indian type, and therefore as a distinct genus ; 
this genus is known both in the Kach and the Bajmahal series ; and also the same spedes 
occur in both ; but while Ptiloph, Cutchense^ Morr., prevails in Kach, PUloph. acutijblium, 
Morr., is the most abundant in the Bajmahal series. Ptilophyll, rigidum, Schimp., I take 
to be identical with this latter, and think Ptilophyll. (Palaozamia) affine, n. sp., not very 
far from Ptilophyll, CutcheTue, Schimp. As varieties I distinguish here also Ptiloph^ 
ttcutifolium var mtuoimum and Ptiloph, Cuichense var minimum ; this genus constitutes a 
connective form between these two rock-series, belonging to the same great geological 
epoch ; it is Jurassic. 
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c.'^Otozamtei Brann. In thiB genus I pat some species, which in the first description 
of the Bajmahal series by MM. Oldham and Morris were also described as Palaozamia 
End!., 0. M. PL XIX. Their Otopitfm-like kMtus is so distinct, especially in the disposition 
of their veins, that at first I thought it right to place them with Otapieris, Schenk. It 
seems best, however, following MM. de Zigno and Saporta, to abandon this old genus, and to 
take all Oiopterit forms as OtozamiteSf because they have more characters of the Zamiea; 
so these Oiopieris-likB fossils from the Rajmahal hills (which stood formerly as PcUaotamia) 
must be put to Otozamiies, Braun. The species are Otozamitet cibbretnatus, Fstm. {Pala' 
ozamia bengalensis, Oldh. and Morr.), Otozamites bengalenns, Schimp. ; it is near 
PahBozamia brev^fblia, Braun« or Oiopteris Buehlandi^ Schimp., but Mr. Schimper 
oonsiders it different by its more obtuse leaflets, and names it as above. 

d, — 2kanites, Bgt. Of this genus, we have two spedmens, pretty well preserved. I call 
the species Zamites proximus, Fstm., as it is very near to a living Zamia, Fstm. Fl. XU. 
f. 1-2. 

e, — Dictyozamites, Oldham. Quite a peculiar genus in general, and a marked Indian 
type ; we only know it in the Bajmahal series. It was at first described and characterized 
as a DicUfopteris, Gutb., and as Dictyopt, falcata, Morr., and Dictyopt, falcata, var. 
oblustfolia, Morr., by Mr. Morris in the original description of Bajmahal plants in the 
Palsontologia Indica, 1862, PL XXIV. Although at first of the same view (Memoirs Geolo^- 
cal Survey of India, II, p. 320), Mr. Oldham, in the description of the Bajmahal plants, 
p. 40, developed another and more correct opinion about this fossil, taking it as belonging to 
the Cyeadeacea (Zamiea) near Olozamit^, Braun, and proposed a new generic name, 
DieiyozamiieMf with its diagnosis, which I fully adopt. I propose the specific name 
DietffozamiUs indicui, Fstm., taking both varieties as the same. It was originally known 
only from Amrapara ; lately I found it also near Mnrreio. Outside of the Bigmahal 
hills we know it also in some other places. 

2. Cyeadea. 

a, — Cycadiies, Brgt. The occurrence of true Cycadea is also of importance for the 
determination of age, because they indicate always a lower horizon in the Jurassic series. 
Fossils of this genus are very abundant in the Bajmahal series. MM. Oldham and Morris 
have described three species ; but I believe there are only two, Ojfcadites Rajmahalensit^ 
Oldh., and Cyeadiies eonfertus, Morr., putting the third, Cycadites Blaitfordiannu, Oldh., 
with this ktter, 0. M. PL YII, IX. 

Some fruit-like fossils I recognize as belonging to the genus WUliamsonia, Carr. ; they 
are veiy similar to those in Phillips' G^logy of Yorkshire, 3rd Ed., 1875, PL XXIV, 
f. 2, 3, 4, 5, from the lower sandstones (lower portion of lower Oolite) of Whitby. 

Besides these, there are also some cycadeous stems and fructifications, which, however, 
need no further mention. 

3. Conifera, 

In this £Eimily we find some well marked forms, serving to indicate the age of the Baj- 
mahal series, and also as characteristic of that formation. 

1. — Genus Palissya, Endl. 

Two species occur, one pretty frequently typical of the Bajmahal series. 
, Palisiya Oldhami, Fstm., 0. M. XXXIII, is a form like PalUsya Brauni, EndL, from 
Bhoetic strata; it is the same form as mentioned already in the Kach series from 
Thrombow. 
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Another fonn I call PcUissya pecUnea, Fstm., Fstm. XLV. which is very irequent ; it has 
lately been fonnd also in other places, which I take to belong to the Rajmahal series. MM. 
Oldham and Morris have figured the first as ToxodUet indieus, and the second as Cunninff' 
hamites confertus. 

2. CheirolepU, Schimp. 

Some very tender-leaved branchlets, first described as Araueariies grctcilis, n. sp., O. M. 
PI. XXXIII, XXXV. and which have a ZyeopoditeS']ike aspect, mnst, I believe, be placed 
in this genus. I name them Cheirolepis indica, Fstm. I may at once mention that no 
Zyeopo<£ftVe« is known higher than in the Permian ; all X^copoe^i^^^-like plants in the 
newer strata being eon\fer<ms plants. 

3. JSckinoHrohus, Schimp. 

I have already said in the preceding note on the Each flora, that some species of the 
genus ThuyieSt Ung. (which have been sometimes also called ilr^Arotodrt^M, Ung. and others), 
have been shown by Prof. Schimper to be Eehinostrolnu, Schimp. In the Bajmahal series 
there occur some branches which must be so placed. 

EchinostrohuB Eajmahalenns, Fstm. 0. M. Fl. XXXII. 8. Fstm. XLV. : I call by this 
name some branches resembling the now disused species, Baliostichus omatus, Stbg., 
Artkrotaxites Baliottickus, Ung., and Arthrotaxites JPHschmanum, Cng., but which three 
form, as I think, only one species. Our Bi^mahal specimens are, however, a little different 

Such is the flora of the Bajmahal series in the original area, so far as now determined. 
I estimate the whole number of good species as about fifty. The description of the flora of 
this series, as the continuation and conclusion of the valuable work of MM. Oldham and 
Morris, illustrated by eleven additional plates, will, I hope, be published as soon as possible 
after the Flora of Each, now in the press. 

In taking a general view of the Flora of the Bajmahal series in the Bajmahal hills, 
we may point out the following plants as the most important forms : — 

Ist, — As characteristic of the formation : — 

a. — Alethopieris indica, Oldh. and Morr. 

h, — Asplenites macrocarpui, Oldh. and Morr. 

e, — Qleichenitea (Cyatheidet) JBindrctbunetuU, Schimp. 

d.^ Some species of Taniopteris, Bgt.. 

e.— The frequent occurrence of the genus Pierophyllum, Bgt. 

f.~-Dictyozamite9 indictu, Fstm. 

ff.'^Falissya pecHnea, Fstm. 

2nd. — ^For determination of the age :— 
a. — Squise^m JEtajmahalensej Schimp. 
h. — Alethopieris indica, Oldh. and Morr. 
c. — Asplenites macrocarpus, Oldh. and Morr. 
d. — 2^in9\feldia indica, Fstm. 
e, — Maerotaniopteris lata, Schimp. 
/. — Angiopteridium Mcclellandi, Schimp. 

g> — The frequent occurrence of Fterophyllum, especially Ft, prineeps, Oldh. 
A. — Otozamites hrevtfolius, Br. (Otoz, Bengalensis, Schimp). 
•.—The true Cycadites, Bgt, and Falissya Oldhamif Fstm. (near Falistya 
Brauni, EndL) 
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All ike planU enumerated in this 2nd list are of such a fades that ihey indicate 
at once a lower zone of the Jarassic period, and I have no hesitation in assigning to 
them a Liassic age. At first, these plants were considered as oolitic. M. deZigno, in a 
written consideration, which is in my hands, dated 1861, and later in a paper, Sopra i depositi 
di piante fossili dell' America settentrionalle, delle Inde e del Australia, etc, Padova, 1865 
(of which there is a Beport in Leonhard and Geinitz n. Jahrb. 1866, p. 381), regards 
them rather as Liassic. In the Vienna Jahrb, der Geolog. Beichsanst., 1861-62, 
Yerhandl., p. 80, we find the Eajmahal fossils mentioned as agreeing with the Austrian 
Kenper plants. Mr. Ettingshausen, in his " Farrenkrauter der Jetztwelt," p. 22, re- 
marks of Taniopt lata and Taen. Morrisi quite distinctly : " In formatione Lias dicta 
ad Bindrabnn BengalisB." We may therefore adopt, a^ the result of our special study 
confirming the opinions of the several authors, that these B^jmahal strata are to be 
taken as Liassic. 

Mr. Schimper, however, in YoL III of his Pal^ontolog. v^t., has put the greatest 
number of our Bajmahal fossils in the oolitic period ; while one of the same, Equisetum 
Majmahalense, Schimp., occurring in the same strata with the others, he puts as B hoe tic, 
which, of course, is contradictory. This is still more remarkable when we find Mr. Schimper 
placing also the Olossopteris and Fhyllotheca of the Damuda series in the Oolitio 
period. 

It remains now only to enumerate the localities of the fossil plants I have examined, 
or where they are said to occur. There are twelve localities known, in an alphabetical order, 
as below :— 

1, Amrapura ; 2, Bindrabnn ; 3, Burio ; 4, Busko Ghat ; 5, Ghutiari ; 6, Jamkoondih ; 
7, Murero ; 8, Muchwa Pass ; 9, Onthea ; 10, Salempoor ; 11, Shahabad ; 12, Sooroojbera. 

The total number of species being taken as fifty, the number known firom the several 
localities is as follows :— 

1-6, 2-32, 3-9, 4-5, 5-2, 6-2, 7^ 8-2, 9-4, 10-1, 11-1,12-1. 

The greatest proportion is in No. 2, Bindrabnn, with thirty-two species ; the next is 
No. 3, Burio, with nine. 

Note on the age qf the flora of some places in the Oodavari District, especially qf the 

sandstones of Kolapilli, 

In the Becords of the Geological Survey, 1871 and 1872, Mr. W. T. Blanford has published 
a paper in two parts on some plant-bearing sandstones of the Godavari valley, and descriptions 
of others in the same district (Becords, Vol. lY^ p. 107, Yol. Y, p. 23, Yol. lY, p. 49) 

All the places Mr. Blanford mentions, and from which he has got fossil plants, he has 
recognized as belonging to the Damuda series and to the Eamthi group (upper portion of 
Damndas in general) on account of the occurrence of Qlossopteris and Vertehraria in the 
characteristic forms for those beds. This is indeed so ; and our Museum contains several 
sets of fossil plants, from localities in the Godavari District (from the lower part of the river 
valley) which are at once to be recognized as plants of the Kamthi or Baniganj group. 

But we have got also from another localiiy, Kolapilli, near EUore, discovered by 
Mr. King, a set of plants which certainly belong to another group and another age. 

The plants from this locality are preserved in a very fine sandstone of a yellow-brown 
colour (ferruginous). They are pretty numerous, but do not represent many species ; suflB- 
dent, however, to determine the age of the flora. The following systematical enumeration 
vrill enable us to compare these fossils with others already described and determined. 
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h-^JEquisetace a . 
Wanting. 

U.—Filiees. 

l.^Alethopteris indiea, Oldh. and Morr. : some very characteristic specimens quite like 
the Bi^jmahal form, and also like Aspfenites Eoseerti^ Schenk. 

2. — Atplenites macrocarpuSf Oldh. and Morr. : freqnent» very closely allied to Asplenitee 
Ottonis, Schimp. 

3. — Gleichenites Bindrahunensis, Schimp., {Pecopteris gleichenites), Oldh. and Morr. : 
a fragmentary specimen. 

^-^Tteniopterie (Angiopteridium) spathtdata* McCl. : a fragment of a TtBuicpteris, 
agreeing well with fig. 7 on PL YI, Oldh. and Morr., Bajmahal Flora. 

6. — Taniopterie {Angiopteridium) eneis, Oldh. and Morr. Two specimens I believe 
belong to this species of the Bajmahal Hills. 

Jll^-^Cyeadea. 

1. — Pierophgllum Mbrrieianum, Oldh., one or two specimens, one pretty large. 

2. — Pterophgllum carterianum, Oldh. A very freqaent species. 

8. — Pterophgllum comp. distans, Morr. {Sislopianum, Oldh.) The specimen recalls 
also the Pteroph, Braunianum, Gopp. 

4. — Piilophgllum {Pataozamia) acuttfolium^ Morr. The common form. Pretty 
frequent. 

6. — PUlophgllum cutehenee, Morr. This species is also represented by some specimens. 

6.^Dicigozamites indicus, Fstm., formerly Dictyopteris falcaia^ Morr. Of this 
very .interesting and curious fossil, the systematic position of which, however, has not yet 
been quite determined, but is provisionally taken as a Ogeadete near Otozamites Braun, there 
occur some specimens near Kolapilli, but on account of the more sandy stone, the reticula- 
tion of the veins is not so distinct as in the same species from the Bajmahal hills or from 
near Madras. But the identity is proved. 

7. A fruit of a pycadeous plant belonging to the genus Willianuonia, Carr; 
it is pretty large, as in the Bajmahal series ; in Kach we found some smaller specimens. 

IV. — Conifera. 

1. — Palisega peciinea, Fstm. This quite characteristic coniferous species occurs pretty 

frequently. 

» 
2. — Palissga Oldhami also is represented in one specimen. 

3. — JEchinostrohua sp. Two specimens, somewhat indistinct, but from the rami* 
fication and disposition of the leaves they can be placed only in this genus ; the species I 
have not yet determined. 

4. — Scales of conifer otta plants of a very large size, belonging most probably to Arau^ 
eariteSf occur in some specimens. 

This general view of the plants from Eolapilli exhibits at once some of the most fre- 
quent and most characteristic species from the Bajmahal series in the Bajmahal hills, so 
that we may safely take them to be on the same horizon and age. 
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General table shoving the relations of the now discussed series and their floras. 



JUBABS., EUBOPB. 


Rajvahil Sbbibs (Lowbb Jvbasb., Eubopb). 


Upper horiEon. 


Lower horlion (?) 


B^Jmahal HUls. 


KolapillL 


Lokaxia: not quite dis- 
tinct. 

Ihodaee, Bhoojoorte, Ku- 
kurML; these 3 vritb 
Oolitic forms, as en- 
nmerated above. 

OoUU (lower). 


ThromJbofw with a Palit- 
iyOf like that from the 
Rajmakai aeria and 
Harbada valley ? per- 
haps repre$entmg her* 
the Ac^fmahal $eries. 
Near Qoonai, contain- 
ing the AetinopUrit- 
Ukefonna. 


Abundant large TmHiopUrit, 
PterophyllHm: true Cfcaditeti 
some OtommUa, PaUuMo. (re- 
minding ? Branni, £udi.) eto., 
offering a ttasne Tiew of the 
plants. 

^m^ AUthopUrUt and a cons- 
tant JPaUaeqa etc, Luu (of Aus- 
tria ?); eommon pUmt with the 
upper horizon of Kach« PtHo- 
pkyUumt Morr. ; with Thromboto 
the PaUuva species, called by 
me Pal. Oidkami Fstm. 


Containing abundant Ttero- 
phyllum, besides all the 
characteristic phuits for the 
"Bajmahal series" of the 
B^Jmahal hills (which muit 
be taken as typical). 
Liaatic. 

Common with Tkrombow, the 
Paligaya species called by me 
Pal. aohami. Fstm. With 
the upper Aorswa the conife- 
rous scales (but much larger). 



There are two species of the genus Ptilophyllum Morr., common to both series ; they are Ft. 
eutchense (prevailing in Kach) and Ft. acv^f/^/tttm, Morr., prevailing in the Bigmahal series* 

I wonld here give a list of the several works I have referred to bearing on onr plant- 
bearing strata, their flora and age. We have Captain Sherwill (Joum. Afiiat, 8oc., 1851, 
p. 577,) on the Bi\jmahal bills, with a map. — Mr. 1%. Oldham (in Jonm. Asiat. Soc., Bengal* 
1854, p. 263,) On the geology of the Eajmahal Hills.— 2%. Oldham and Morris, " On the 
flora of Bajmahal series, Bajmahal hiUs," Palseont. Indica, 1862. — Mr. Ih. Oldham, Mem* 
Geol. Survey of India, 1860, II Vol., " On the geolog. age of the rocks in Central India, Baj- 
mahal hills, etc."-~Captain Grant, ** Geology of Kach." Transactions of the Geolog. Soc., 
Vol. I, sec. series, with description of the plants by Prof. Morris. — Mc Clelland : Beport of 
the Geologtcal Survey of India, 1848-49, with plates, Calcutta, 1850.— TT. T. Blanford, 
Memoirs of the Geolog. Surv. of India, Vol. YI, *'0n the geology of a portion of Kach,'/ 
p. 17.-7Mr. Wynne: Mem., Geolog. Surv. of India, Vol. IX. '^Geology of Kach". — 
Dr. W. Waagen : Becords of the Geological Survey of India, " Abstracts of results of examin- 
ation of the ammonite fauna of Kach," etc., Vol lY, 1871, No. 4^ p. 89. — I>r. Waagen : 
** Jurassic fauna of Kach," Paleontologia Indica, 1875. 

De Zigno : Some observations on the flora of the Oolite : Quarterly Geolog. Journal, 

1860, p. 110. — De Zigno : Sopra i deposite di piante fossili dell America settentrionule, delle 
Inde e dell Australia, etc., Padova, 1863. — De Zigno : Observations sur les Planches 
de rOuvrage de Mr. Oldham : " Sur les Plantes fossiles des Bajmahal hills" (manuscript, 

1861, in our Library). — De Zigno : Flora fossilis formationis Oolithicae, Vol. I, 1856-68, 
pag. VI, etc. — Bunburjjf : General remarks and postcript in his Fossil plants of Nagpur : 
Quarterly Journal Geolog. Soc., XVII, (1861), p. 34, f.LSislop: " Nagpur Sandstone" 
etc.: Quarterly Journal, Geolog. Soc. XVII, (1861), p. 349. Bajmahal Hills.— IT, 
Haidinger : Verhandlungen der k. k. Geolog. Beichsanstalt, Wien : Pflanz^nf ossilien aus 
den Bajmahal Hiigln, 1861-62, Bericht. vom, 31 Juli, p. 80. 

I may also mention some works in which special mention is made of our fossils. There 
is Mr. Schenk 8 *' Flora der Grenzschichten zwischen Keuper und Lias", 1867, where especi- 
ally the systematical position of some of our Bajmahal species is discussed, and where 
JEquisetum Bajmah(dense, Oldh., is considered as aliassic form. Mr. Ettingshausen, in 
his " Die Farrenkrauter der Jetztwelt" 1865, mentions especially the Tieniqpieris lata, Oldh., 
Taniqpt, Morris, Oldh., placing it with the living Acrostichum (which, however, is of no use 
in the question of the age) ; as to the localities he states : " In foimatione Liae dicta ad 
Bindrahun BdcgalisD." 
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Mr. Saporta, in his " V^g^nx f oasiles da Terrain jananqne/' in the PaI6ontologie 
Franyaise, 1872-1875 (Nos. 1-18), mentions in several places oar fossil plants from the 
fiajmahal hills. Of Mr. Sehimper's Pal^ntologie V^g^tale, 1867-1874, I have already said 
what was neoessarj, and repeat only that oar Bajmahal fossils, and also those of the 
Damada, mast he eliminated from his list of the fossil plants of the Oolitic period, and 
he pat in their proper places. 

In 1875 we have again a note hyMr. Zigno on the Bajmahal Flora in Yerhandl. d. k. k. 
geolog. Beichsanst. No. 17, where he again approves the Lias sic age of the Bigmahal 
Flora. 

I mast finally mention a paper hy Mr. H. F. Blaitford^ pahlished in the Qaarterly 
Joamal, G^log. Society, 1875, Novemher, with the title, ** On the age and correlatiozts of the 
plant-hearing series of India, and the former existence of an Indo-Ooeanic Continent", in 
which, however, regarding the flora all is repeated from the former puhlicalions of the Survey, 
and therefore requires the same corrections. I will only mention that all the lists of fossil 
plants given hy Mr. Oldham were only provisional; and that many of the genera were 
sahseqaently determined to he different ; which, of course, also changed the conclasions to be 
made from them. 

It is thus ohvious that I do not agree in identifying the horizon of tiie Slach with that of the 
Bi^jmahal series in the Bajmahal hills, on the Godavari and near Madras. Nor is it at all 
prohahle that the Damuda series are Permian; as the Schizon&ura, which is so very 
frequent in the upper Damudas, is not known anywhere in Permian strata, but in 
Trias. I may also mention the recent discovery in the Barakar group of a Voltzia and 
of a very distinct single-pinnate Neuropteris, Bgt., which till now is nowhere known in the 
Palseozoic {viz,, Permian) strata, but only in the Triassic {viz,, Bnntsandstein — grhs 
bigarr^) rocks* ; proving, besides other evidence, that the lower Damudas also are of 
meso zoic age, as I will show more fully in a later paper. From these facts one will he also 
able to make farther conclasions on the age of the Australian plants, as being identical with 
our Damuda plants. 



DBBGBIPTION of a CBAiriUX OF StEGODON OANXSA, with N0TB8 ON THS 8T7B-GBVU8 AJSTD 

ALLIBP F0BM8, by B. Lydxkhbs, B. A. (Cantab), Oeological Survey of India. 

The cranium described in the present paper is a remarkahly fine and nearly perfect 
specimen belonging to Stegodon ganesa (Falconer). It was discovered by Mr. Theohald in 
the grey sandstone heds of Maili, belonging to the middle Siwalik series. In describing this 
specimen I have of necessity been led to examine the other allied species, and in the present 
paper intend giving a few notes on the sub-genus. 

The Bub-genus or genua (P) Stegodon as originally founded by the late Dr. Falconer, 
comprised four species, viz., S. insignis, S, bombtfrons, and S. ganesa, from the Siwaliks, and 
S. cliftu, from the tertiary beds of the Irawadi : subsequently. Professor Owen (CJ. Jour., GeoL 
Soc., Lon., 1870, p. 417) added two other species to this list, viz,, S, orientalie and S, sinen- 
sis, founded on fragments of molar teeth brought from China. In spite of the reputation of 
the founder of these last two species, I cannot help doubting their validity as being 
based on the characters of -the teeth alone, as these are so very similar in all the species ; at 
the same time, I should be by no means surprised that, if at any time the crania of the 
Chinese species should be discovered, it (or they) would be found to differ from the Indian 
species. 



* Schiinpcr and Moageot : Monographie dee plantCB fossilefi da grea bigarr^ des Vosgca, 1847, 40 pUt«t. 
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The sub-gentis was fon&ded on the peculiar character of the molar tpeth, the i^rinding 
surface of which is divided into a series of transverse hills and valleys, the enamel passing 
over the surfaces ot both, and not penetrating into the substance of the crown : these ridges 
are capped by a number of small eminences, generally known as cusps ; there is never any 
distinct antero-posterior valley running across the ridges, by which negative character the 
sub-genus is at once easily distinguished from the allied genus Mastodon, 

Of the four Indian species of the sub-genus, Stegodon cliftu has the smallest number 
of ridges, which sufficiently distinguishes the molars of this species. Of the other three 
species we find the ridge-formula to be exactly the same in all ; the molars, indeed, of 8. 
ifuignis and 8. ganeta. Dr. Falconer says, (Pal. Mem., vol. I, p. 80), are so alike, that the 
" differences are practically insufficient for the discrimination of the two species." The 
molars of 8. bomhifroM are distinguished from those of the other two species by having 
the ridges " broader and less elevated, with more open hollows ;" the distinction is, however, 
very slight indeed. Prof. Owen, in his paper cited above, lays great stress on the number of 
cusps on the ridges, as affording a valuable distinction between the molars of the different 
species of Stegodon ; this appears to me to be a somewhat insufficient character, and one 
which would be extremely likely to vary in different individuals* and I do not find that it 
holds good for the molars of the crania of the different species in the collections of the Im- 
perial Museum. 

I therefore consider the molars of Stegodon ganesa and Stegodon insignie as indistin- 
guishable one from the other ; the skulls are, however, easily recognized, that of 8. insignia 
"being singularly modified, so as to bear an analogy to the cranium of Deinotherium, while 
the head of S. ganesa does not differ much from the ordinary type of the elephant" (Pal. 
Mem., vol. I, p. 81). In spite, however, of this striking difference in the two crania. Dr. 
Falconer, subsequently to writing the above passage, had reason to doubt the specific distinct- 
ness of 8, ganesa : he did not state, however, on what grounds, or with which species he pro- 
posed to amalgamate it ; the distinctness, however, of the molars of Stegodon homhifrons 
ahows that it must have been with 8* insignis. If any certain distinction could be drawn 
between the molars of 8. insignis and 8. ganesa, it would be of itself sufficient to confirm 
the distinctness of the latter ; as it is, we are driven to depend on the character of the crania 
alone. 

At first sight the huge tusks and alveoli, the large size of the inter-alveolar fossa and of 
the nasal fossa, together with the high and vaulted frontals, appear alone quite sufficient to 
distinguish the cranium of 8. ganesa. from the smalLtusked 8, insignis, with the small 
nasal fossa, and the peculiar flattening and ridging of the frontals ; if, however, we turn to 
the figures of the crania of 8. insignis in the " Fauna Antiqaa Sivalensis," we shall find that 
the peculiar shape of the frontals of the adult of 8. insignis is not present in those of the 
young animal : (the peculiarity in the adult arising from a partial development of the 
intertabular fossse). From this fact, in accordance with Falconer s doubts, I have thought 
it might be possible that 8, ganesa is only a huge-tusked male form, of which 8, 
insignis is the female ; in the former, in correlation with the great development of the lower 
part of the skull to carry the large tusks, the frontal sinuses are also developed in like 
manner, and not aborted as in the female (8, insignis). 

The size of the crania of 5. ganesa in the British Museum is, however, much larger in 
proportion to those of 8, insignis than occurs in the living species of elephants ; and I 
cannot but think it expedient to continue to consider the two as distinct species, as the 
crania are so widely different. The present cranium has smaller tusks than any described 
specimen of 8, ganesa, although they are still much larger than those of S, insignis. I 
think it, therefore, not improbable that this may be a female form, which supposition would 
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at once do away with the above hjpotheeia ; there appears to be a difference in the number 
of cusps in the moUirs of this specimen from typical forms, which, according to Prof. Owen, 
might be grounds for specific distinction. 

Apparently, from the specimens in Falconer's collections in the typical Siwalik stratft 
of the districts adjoining the Jamna, which include the highest beds of the series, the 
skulls and molars of the highly specialized sub-genus Euelephets, as exemplified by 
JS. hysudricus, were equally common with either of the species of Steffodon; passing, 
however, more to the westward, towards the Satlej and the Beas districts, we find that 
most of the fossils obtained by Mr. Theobald (which form the chief part of the Siwalik collec- 
tion of the Geological Surrey) are obtained either from the middle grey sandstones, or the 
lower red clays, —both older than the Markanda river beds; among these fossils the pro- 
portionate number of Stegodon molars to those of Euelephas is about 30 to 1 ; or in the pro- 
portion of 10 to 1 (allowing for the three species of Stegodon). In the newer deposits of 
the Narbada valley, we find JSuelephas Namadietu the dominant species, while Stegodon is 
only represented by a few specimens of 8. insignis ; in the present Indian Fauna, JSuelephat 
alone survives, Stegodon having died out ; the latter genus is confined to the tertiary beds of 
India, Burma and China ; we find, therefore, as might have been predicated on anatomical 
grounds, that the simple form, Stegodon, appears to have been gpradually dying out since 
Siwalik times (how long before that it originated we are unable at present to say), and to 
have been replaced by the more highly specialized forms of Loxodon and Euelephas, of which 
the latter is the most highly specialized. The pedigree of the Probotcidia is probably some- 
thing of this sort, as shown in the diagram ; Tapirui connecting it with other Ungulata. 
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COMMON ANCESTOR 

tTntil geological eiptorations have been carried out to a greater extent in the countries 
between India and Ex^landi it is impossible to say in -which direction the migration of 
elephants took place ; it would not, however, be unreasonable, from the number of species 
and genera found in the Siwaliks and other Indian strata, to suggest that India was the original 
home of the family (Elephas, Mastodon, Deinotkerium, and Tapirus are all found fossil ia 
India), and that the migration took place ^m thence, all the sub-genera having taken origin 
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in that country, probably long before Siwalik times ; thus Loxodonplantfrons, or an unknown 
allied species, might hare travelled westward and given rise to Loxodan meridionctlis of the 
English ** Forest Beds," and subsequently to the living Loxodan africanus» In the same 
way, JEfteUphas may first have given rise to the Siwalik species, from which again sprung 
the Narbada species and the living JSuelephat indicus, and on the other hand, to another 
branch which travelled over Asiatic Russia, and thence to Europe, producing the Mammoth 
JS, primigenku and the other European species. 

Mastodon, as having the widest distribution — Europe, Asia, and America — as well as from 
being the most generalized type of the family, may well be considered as the most ancient 
form of the gpx)up ; its earliest occurrence in India is in the supra-nummulitic beds of Sind 
and Kach, and its latest existence was probably in the marshes of the Ohio, where it not 
unlikely lived down to the human period ; it is the only American representative of the 
family, and its migration may well have taken place from India westward to America. 
Mastodon was the first of the elephants to die out in India, it being unknown after the 
Siwalik period. 

The present specimen of Stegodon ganesa exhibits the whole of the cranium in very 
perfect and complete condition ; the chief injuries are the absence of the sEygomatic arches, 
which have been broken off close to their respective origins ; and the absence of the greater 
portions of the tusks, the incisive sheaths having been broken off near their base ; the bones 
composing the wall of the left; temporal fossa have been much crushed and comminuted, but 
have been subsequently roughly recemented together by a calcareous infiltration. 

In its original state the cranium was almost completely embedded in a mass of the com* 
mon Siwalik grey sandstone, which, though generally soft, became almost as hard as granite 
as it approached the bone. The mass of stone in which the specimen was embedded was, as 
is so commonly the case with Siwalik fossils, a detached boulder, which had undergone a 
considerable amount of rolling and weathering : the fractured extremities of the tusks had 
evidentiy been exposed for a considerable time to the action of the weather, being much 
decomposed, and easily separating into a series of concentric rings. The bone had lost its 
animal matter, adhering very strongly to the tongue, and absorbing a great quantity of the 
glue with which it was treated. 

The general outiine of the facial and frontal portions of the cranium correspond nearly 
with that of Colonel Baker's large cranium of this species in the British Museum ; this is 
noticeable in the comparatively large size of the incisive sheaths, the large and deep fossa 
between them, and in the continuity of the fronto-incisive planes ; when examined in detail, 
however, certain smaller points of difference exhibit themselves. 

The frontal plane of Colonel Baker's specimen of this species is remarkable for its 
broad and smooth expanse, scarcely roughened by any ridge or protuberance ; in this speci- 
men a bold rounded ridge is continued upwards and backwards along the mesial line of the 
frontals from the nasals, and terminates in a rounded boss, some eight inches above the 
naso-frontal suture ; on either side of this ridge there is a marked depression, broadest above 
the nasals, and gradually narrowing as it passes upwards : externally to this depression a 
sharp trihedral ridge is continued upwards from the post-orbital process of the frontal, im- 
perceptibly losing itself in the flat surface of the parietals. There is no resemblance to 
the flattened upper frontals and supra-nasal ridge of the cranium of Stegodon insignis. 

The large dimensions of the nasal bones (see table of measurements) difler from those 
of typical specimens of the species, and still more widely from those of all other species, 
especially S. insignis, in which they are remarkably small ; they are more than double the 
size of the corresponding bones in Colonel Baker's cranium, and four times that of the nasals 



46 Record9 of the Geological Survey of I^dia, [vol. ix. 

of 8, insignis. The nasals form a downward prolongation of the mesial frontal ridge ; they 
are of great thickness, heing composed of a mass of finely cancellated bony tissue, project 
far over the nasal fossa, and have a somewhat quadrate free termination. The lower border 
of the frontals, forming the upper boundary of the nasal fossa, sweeps upwards in a bold 
arch on either side of the nasals : in Colonel Baker's cranium this line of the frontals is 
much straighter and is scarcely interrupted by the small nasals. The lower border of the 
nasal fossa slopes away evenly from either side to the median line ; at this line a deep trian- 
gular notch, on either side of which are the posterior processes of the premaxillse, connects 
the nasal and incisive fossa) ; below this notch the incisive fossa becomes suddenly very deep \ 
in Colonel Baker's cranium the inter-premaxillary notch is much shallower, and the processes 
blunter : in S. insignis the notch is almost absent, and the incisive fossa becomes gradually, 
not suddenly, deep. 

The incisive fossa is of great size and depth, its outer walls are nearly perpendicular ix> 
the base, and parallel to each other ; in Colonel Bakers cranium the inner walls of the 
incisive sheaths are curved, the concavity looking inwards : in 8. insignis the incisive sheaths 
are very slender and diverge rapidly outwards, in a manner very different from either of the 
above. 

In a side view of the cranium, the upper boundary of the large temporal fossa is of an 
elongated ear-shape, just as in Colonel Baker's specimen ; the cranial wall of this fossa runs 
in a plane nearly at right angles to the roof of the cranium, as far down as a line connect- 
ing the post-orbital process of the frontal with the lower border of the posterior zygomatic 
root;* along the line of the nervous foramina, there is an abrupt fall inwards from this 
vertical plane, to join the plane of the molar alveolus. In Colonel Baker's specimen the 
wall of the temporal fossa begins to curve inwards very rapidly, which curve is continued 
without any break at the nervous foramina, Jto join the plane of the molar alveolns. In 
Stegodon insignis the temporal fossa is curved antero-posteriorly, as well as from aboFe down- 
wards, differing very markedly from either of the above forms. 

The walls of the temporal fossa, in this and in all other spedmens of 8tegod<m ganesa 
that I have seen, are straight antero-posteriorly, and are phiced nearly at right angles to 
the plane of the face ; there is never any wedge-shaped indentation of the fossa towaida 
the median line in the middle of the frontals, which renders the greater part of the walls 
of the fossa visible from the front of the skull, as always occurs in the crania of Stegodon 
insignis, and which gives it its characteristic form. 

In the crania of all other elephants that I have seen, the course of the optic nerve» 
after emerging from its foramen, is continued outwards across the orbits in a deep channel, 
which grooves the interior surface of the post-orbital process o( the frontal ; in the present 
specimen this channel is absent, the surface of the bone being pei*fectly smooth ; this feature 
is probably only an individual variety. 

In a front view of the cranium, as stated above, only a very small portion of the tem- 
poral fossa of either side comes into the field of view ; the external outline of the lower 
portion of the cranium differs in several respects from Colonel Baker's specimen, probably 
owing to the smaller size of the tusks. The anterior zygomatic root stands out from the 
outer border of the incisive sheath almost at a right angle, throwiog the infra-orbital fora- 
men entirely out of the line of the incisive fossa, while the foramen itself looks nearly 
directly forwards. In Colonel Baker's specimen the anterior zygomatic root slopes away veiy 
gradually from the outer wall of the incisive sheath at an obtuse angle of nearly 120*^ the 
infrarorbital foramen occupies a notch in the outer border of the incisive sheath, and looks 
considerably outwards as well as forwards. The position and form of the anterior zygo- 
matic root and foramen in the present specimen resemble the position of the corresponding 
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portions in the cranium of Slegodon insignis, and might, therefore, be taken as evidence for 
the specific identity of the two forms : I rather regard this position, however, as due only 
to the smaller size of the tusks ; while the greater size of the present cranium, and the form 
of the frontals and temporal fossae, serve to show that a smaller tusked form of Stegodon 
ganesa exists, without making any approach in the form of the upper cranium to the 
cranium of Stegodon insignis, so peculiarly modified in the upper regions. 

The occipital surface is much flattened, having an irregular hexagonal outline, of which 
the parietals form the longer superior border, and the condyles the shorter inferior border; 
on its outer side, this surface slopes away rapidly to form the posterior boundary of the 
temporal fossa ; the hollow for the insertion of the ligamentum nuchse commences about five 
inches above the foramen magnum, and is continued vertically upwards for a distance of 
eleven inches, averaging an inch and a half in width, and rather less in depth. 

The following measurements of this cranium are compared below vrith those of Colonel 
Baker's specimen, figured in plate XXI of the Fauna Antiqua Sivalensis, and described at 
page 33 of the description of the plates to the above :— 



Measurement in inches of crania. 



*•• 



•■• 



Width of incisives at infra-orbital foramen 

Width of ditto below ditto 

Lengrth of cranium from occipital condyles to anterior border of molar 

alveolus 
Vertical height from condyles to sinciput ... 
Lateral diameter across occipital condyles 
Antero-posterior diameter of left condyle ... 
Transverse diameter of ditto 

Ditto ditto of foramen magnum .•• 

Antero-posterior diameter ditto ... 

Diameter of widest part of aupra-occipital «•. 

Ditto naso- prsmaxillary fossa 
Interval between nasal toRsa and post-orbital margin of frontal 
Extreme width of frontals 
l/en^th of incisive (broken in specimen) ... 
Depth of zygomatic fossa 

Estimated width of cranium between centre of temporal fossa ... 
Height from lower paaxgin of meatus auditorius extemus to sinciput 

Ditto posterior margin of molar alveolus to sinciput 
Length from upper border of foramen magnum to posterior mai^in of 

molar alveolus 
Vertical height of orbit 

Transrerse diameter of middle of left incisive sheath 
Vertical diameter of left incisive sheath ... 
Ditto of infra, orbital foramen 

Transverse ditto ditto 

Interval between distal ends of second molar. 
Interval between proximal ditto ditto 

Length of right second molar 
Width of ditto ditto ditto at second ridge 

Ditto ditto ditto ditto at penultimate ditto 
Vertical height from posterior extremity of outer border of second molar 

alveolus to post-orbital process of frontal 
XHstance between outer surfaces of second noolars at fifth ridge 
Antero-posterior diameter of meatus auditorius extemus 
Transverse ditto ditto ditto 

Length from upper border of foramen magnum to tip of nasals ... 
From tip of nasals to prsemaxillary protuberance 
Height from lower border of anterior zygomatic root to crown -surface of 

second molar ... 
Width of nasals at base 
Length of ditto 

Long diameter of posterior nares 
Tiansverse ditto ditto 



»•• 



... 



••• 



... 



•*• 



... 



••• 



.■• 



••• 



Present 
specimen. 



6-5 
6*6 

25-0 

250 

00 

5-0 

4-0 

30 

29 

28>0 

16-0 

4-3 

27-5 

210 

4*5 

17-0 

20-0 

30'O 

9-0 
8-9 
8-0 
7-8 
87 
1-6 
40 
6*2 
16-0 
4*3 
5*5 

21*6 

13*5 

1-2 

10 

65*0 

7-0 

250 
6-6 
3*8 
6-0 
3-0 



Col. Baker's 
8, ganesa. 



7-6 
10-76 

26-0 
240 
9*2 
60 
3*85 
3-0 
31 
29-2 
16-0 
4'65 
2625 
31-0 
4*26 
19*26 
180 
320 

9*5 
3-78 
llo 
10-0 
3*85 



2-7 
3*26 
11-9 
405 
60 

21-0 
12-6 
115 
1-0 



30 
1-6 
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From the above table of measarements we find the general measurements of the two 
crania not varying more than might be expected in two different individnals; but the 
respective dimensions of the tasks and their alveoli are very different. Thns it wiD be 
seen that, in the present specimen, the transverse diameter of the incisive sheath above 
and below the infra-orbital foramen is the same ; while in Colonel Baker's cranium the sheaths 
are constricted at the foramen, and suddenly expand below this point. The transverse 
diameters of the incisive sheaths of the two crania below the infra-orbital foramina are in 
the proportion of 8 to 11 '5, and the antero-posterior diameters in the proportion of 7 ta 
10. The circumferences of the respective incisive sheaths are 20 and 90 inches; the 
length of the tusks of Ck>lonel Baker's specimen, from the distal extremity of the incisive 
sheath to their tip, is 9 feet 8 inches ; if the length of the tusks in the present speci- 
men bears the same proportion to their diameter, as it does in Colonel Baker's specimen, 
this would not have exceeded 6 feet 9 inches, making a difference of 2 feet 9 inches 
in the length of the tusks in the two individuals ; very probably the difference may hare 
been still greater. 

The next most noticeable difference in the measurements of the two skulls occurs in 
the palate ; the palate of the present specimen is wider than that of Colonel Baker's spedmen, 
in the proportion of 4 to 2*7 at one end and 5*2 to 3*2 at the other. The nasals of the 
present specimen are nearly twice as large as those of Colonel Baker's specimen ; the trans- 
verse measurements being 6*5 and 3*0, and the antero-posterior measurements 3*8 and 
1*6 inches. 

The vertical height of the present specimen is one inch greater than that of Colonel 
Baker's specimen ; and the width of the frontals is 1^ inch greater. 

If now we turn to the figures of the crania of Stegodon inaignis given in plates 16 
and 17 of the "Fauna Antiqua Sivalensis" with their accompanying measurements, we 
find that the specimen figured in plate 17, fig. 1, has a diameter of only 25*5 inches 
across the occiput, 3 inches less than in the present specimen ; while its vertical height 
is 4*6 inches less ; the whole cranium, in fact, being greatly smaller than the present, 
and differing by the peculiar form of the forehead so greatly as to have very little general 
resemblance. 

From the above facts I conclude that the present specimen proves the existence of a 
small-tusked variety of Stegodon ganesa, of which the cranium is at least as large as in the 
big-tusked variety, and which, moreover, shows no approach to the peculiarly modified 
cranium of Stegodon insigitu, of whrch the tusks are still smaller; the present specimen 
might well be a female of Stegodon ganesa, while Stegodon ineignis will still stand as a 
distinct, though closely-allied, pmaller species (in the modern acceptation of the term) dis- 
tinguished by its peculiar frontals and temporal fosses ; the teeth of the two species being in- 
distinguishable from each, and indicating a very close affinity. 

Continuing our description of the present specimen, we find that two pairs of molars 
are protruded from their alveoli ; the first pwr have been in wear for a considerable period, 
and are much worn away in front, the number of ridges remaining being only seven. In 
the second molar of the left side, eight ridges may be counted, together with an anterior 
talon ridge : between the first and second ridge there is a small conical tubercle on the outer 
side. This molar is only partially protruded from its alveolus; from the width, of the last 
visible ridge, there must be two or three more ridges still concealed in the alveolus : this 
would make the tooth the last of the permanent molar series, in which the number of ridges 
should be eiUier ten or eleven; the penultimate molar never has more th^n eight ridges; 
the fact of this tooth being the last of the series proves the animal to have been fully adult] 
and that the tusks had attained their fall size and development 
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The nnworn ridges on the last molar are remarkably clear and sharp, displaying in ^ 
great perfection the cusps on their summits ; as in the typical specimen, they have the usual 
transverse bowed form, with clean transverse valleys, without any trace of a median, fore- 
and-afl cleft ; the outer side of the worn ridges is lower than the inner side. 

The first ridge of the xdtimate molar is unusually thick and massive; it has an 
imperfectly-divided talon on its anterior side: its longer or transverse diameter is 4 
inches, and the shorter or antero-posterior diameter 2 inches ; the interval between 
the summits of the second and third ridges is 1*2 inches, and that between the 
seventh and eighth ridges 1*6 inches. The depth of the valley between the sixth and 
seventh ridges is 1*6 inches; transverse diameter of the fifth ridge is 4*2 inches. 
On the fifth ridge there axe no less than thirteen sharply-pointed cusps visible : the sixth 
cnsp, counting from the inner side, on this, and the immediately adjacent ridges is some- 
what larger than the rest, and its hollow on the outer side somewhat deeper. This sixth 
cnsp and valley will probably indicate the line homologous with the medial fissure of the 
molars of Mastodon. 

The great number of onsps on the ridges of the last molar is an unusual character 
among the Siwalik Stegodong ; a character to which, however, as stated above, I do not 
attach much value : the thirteen cusps on the fifth ridge do not probably represent the total 
number, as the whole of the ridge is not protruded firom its alveolus ; there are, no doubts 
at least two still concealed ; this would bring up the whole number to fifteen. 

The greatest number of cusps contained in a single ridge of any of the molars of 
Siegodon ganesa figured in the " Fauna Antiqua Sivalensis " is eight ; in 8. insignis ten ; 
and in 8. bombifrons nine. In Stegodon orientalise Prof. Owen says, the cusps are " about 
a dozen in number*'; and in 8. sinensis he infers them to be twelve or thirteen. If the 
number of cusps be any criterion of specific identity, as Prof. Owen thinks it is, the pre- 
sent cranium would belong to a fifth Siwalik species, which would be most nearly related 
to the Chinese species. The close resemblance of the cranium, however, to the typical 
Stegodon ganesa at once forbids this supposition ; and I should be therefore inclinecl to 
doubt the validity of Prof. Owen's new species, founded mainly on this character. 

As an instance of the variability of this character, I may cite a specimen of a right 
mandible of 8, insignis in the collection of the Imperial Museum (No. 63 S.) ; the specimen 
contains the third milk-molar just protruded from its alveolus ; this tooth shows seven 
ridges ; the fifth of these carries eleven cusps, a greater number than I have seen on even 
a last molar of this species. I think, therefore, that this character, as of specific value, 
must be abandoned; if so. Prof. Owen's Chinese s pecimens must also be abandoned, as they Jf*^ * ^' 
are founded chiefly on this character and some slight variation in the enamel. 



Note upon thb Sub-Himalatan Sbbibs ik thb Jamu (Jummoo) Hills, by H. B. 

Medlicott, m. a., Geological Survey of India. 

The 'Jamu Hills' may conveniently be taken to designate the several ranges, of steadily 
decreasing elevation, between the flanks of the Pir Paojal and the plains of the Panjab, 
from the B&vi to the Jhelam. At the B4vi they are the direct continuation of the ranges 
in the K4ngra district. For many years this ground has been a missing link in our study 
of the great Sub-Himalayan series of tertiary rocks. So long as those territories could 
boast of a geologist of their own, we refrained from trespassing upon his rights ; but soon 
after the departure of Mr. Drew, steps were taken towards closing this gap in our wor . 
Every facility has been granted to us by His Highness the Maharajah and his ministers. 
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The special point to be cleared up was, the discrepancy between the sections of these 
rocks as described by me in 1862 (lifem. Gkol. Surv., Ind., Vol. Ill) in the region of the 
Ganges and the Satlej» and those observed by Mr. Wynne in the country west of the Jhelam. 
I had made ont two very marked breaks in the series. One was where the topmost beds of 
the great mammaliferous deposits rested against and upon an inner belt of older rocks. As 
the former were conspicuously the home of the famous Siwalik fossils, I restricted this name 
to that younger group of rocks, giving the name of N&han to the older beds upon which 
they rested unoonformably. It was certainly rash of me thus to tamper with a well-known 
name. Although the fauna of the N&han rocks is still unknown to us, it presumably will 
include mammalian remains, having more or less of affinity to those known as Siwalik ; and 
it may be pslsBontologically desirable to make the same name cover all. This, of course, can 
still be done, if required, substitiitiBg some local name in the application I gave to Siwalik. 

The second break in the eastern section occurs where the N&han rocks abut against the 
old slaty rocks of the higher mountains, high upon which there rests an extensive rem- 
nant of still older tertiary deposits, including at their base the nummulitic beds of Subathu, 
transitionally overlaid by red clays and grey sandstones in distinguishable zones, to which I 
gave the names Dagshai and Kas&oli. I subsequently denoted these three older bands collect- 
ively as the Sirmnr group, it being desirable to restrict the name Sub&thu to the nummulitic 
zone proper. There was little direct evidence as to how far the boundary between the Nahan 
and Sirmur groups might also be an aboriginal unconformity, or altogether due to flexure and 
faulting ; but the fact that in the lowest outcrops of the Nahan band over a very large area 
no symptom could be detected of the very characteristic Sub4thu zone, nor any specific 
representative of the Kas&oli beds, which in the contiguous area are repeatedly marked bj 
peculiar plant layers, gave strong presumptive evidence for the supposition of aboriginal un- 
conformity. 

No trace of these very marked stratigraphical features of the Simla region could be 
detected by Mr. Wynne in the country west of the Jhelam ; although several of the zones 
could be identified mth great certainty. The Sub&thu nummulitics are very characteristically 
represented west of Mari (Murree), and over them, at Man itself, the rocks exactly resemble 
the Dagshai beds ; while at the upper end of the series the Siwaliks are in great force, with 
their characteristic fossils. 

As an unknown quantity between these two contrasting sections there was the remark- 
able fact that the axes of flexure in the rocks west of the Jhelam have a direction at right 
angles to that of the contiguous Himalayan ranges ; the change taking place abruptly along 
the course of the river. It is the junction or confluence, the knee, as it has been termed, 
between the lines of the Himalaya proper and thuse of the Hindd Rush. There seemed 
a possibility that the total disappearance westward of the boundaries ^o strongly marked at 
the base of the Himalaya east of the Satlej might be closely connected with this striking 
transverse feature of the mountain structure. Such, however, is not the case. These two 
systems of flexure are continuous and cotemporaneous. 

The difficulty of estiblishins^ divisions in the immense series of tertiary strata which 
has so hampered Mr. Wynne in his examination of the trans-Jhelam country, had already 
strongly declared itself to me in the hills between the Satlej and the Ravi. On the map 
published with my memoir, it will be seen that the N4ban-Siwalik boundary and the Nahan 
zone itself is stopped abruptly and arbitrarily at the Satlej. I found that the abutting, 
overlapping junction of topmost Siwaliks against low Nahans had gradually changed into 
vertical parallelism; the ridge of Nahan rocks here taking the form of an anticlinal, sinking 
to the north-west, rdund the point of which the Siwaliks turn over into the inner valley. 
Finding that the several broad duns (flat longitudinal valleys) of the Kangra district were 
occupied by rocks of Siwalik type, and not having time to work out their approximate 
separation from the core of Ndhan beds in some of the dividing ridgos, I coloured tbi 
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whole aroa as Siwalik, giving due notioe of this on the map itself and in the descriptive 
text. Thns already in the E4ngra district the N&ban-Siwalik houndary was extremely 
difficult to fix. 

The other great honndaiy-featnre of the Simla region, that between the N&han and 
Siimdr groups, also undergoes much change immediately west of the Satlej ; and in a similar 
manner to that described for the N&han »)ne ; the whole Sirmdr group becomes lowered along 
the strike to the north-west, so that the Sub&thu zone is altogether suppressed. On this 
account, and because this structure would probably bring in higher beds, the north*western 
extension of the Sirmur band was coloured as N&han in my map of 1862. It is for this 
zone the beginning of the compromise that must be adopted to reconcile the difEerent distri- 
bution of the strata in the separate sections of the mountain region. The actual boundary 
of this innermost tertiary zone is still as clear as ever, because there is a corresponding 
change in the outer contact rocks ; Siwalik conglomerates abutting against it all along the 
S^ngra Dun. 

There is still a leading feature of contrast between the two regions separated by the 
Jamu hills. In the Simla region the Sub&thu beds rest on a deeply denuded surface of the 
next oldest strata, supposed to be of lower secondary age ; whereas beyond the Jhelam no 
such unconformity has been observed. This, it Ib evident, is a difference of precisely the same 
character as those already noticed within the tertiary series ; and it is very noteworthy that 
these changes coindde in position with the most remarkable bend in contour of the boundary 
of the higher mountains, formed of old rocks, where for a length of nearly eighty miles it runs 
north and south, making an angle of 45° with the general conrse of the range. The direct 
continuity of the outermost base of the hills bounding the plains is maintained, past this 
bend of the higher mountains, by a greatly increased width of the fringing belt of the 
tertiaxy ro<&s. 

These leading features of the two regions, as partially sketched in the preceding para« 
graphs, have been for some time more or less fixed ; and the interpretation I have put upon 
them is simply that the disturbances marking the Himalayan system, cu displayed in the 
centre of iU area, are of earlier date than those affecting the terminal portion and the 
Hindd Kush ; that in early or middle secondary times a general elevation occurred of 
the south Himalayan area, along the border of which the Sirmtir deposits subsequently 
took place ; that the eocene period was closed by the more special disturbance with crushing 
which constituted, perhaps, the principal phase of the mountain formation ; that after a period 
of denudation the N&han deposits set in ; that a similar interruption produced the break 
between the N&han and Siwalik groups ; while during all that time little or no elevation took 
place in the region of the Jhelam. Our observationB in the Jamu hills have not disturbed 
these conjectures. 

During the past cold season I had the advantage of going over part of my old ground, 
from the Satlcrj to the B&vi, through the Jamu country, and over a part of the trans-Jhelam 
districts, in company with Mr. Theobald and Mr. Lydekher. The snow prevented us follow* 
ing the innermost tertiary boundaiy along the flanks of the Pir west of the Chen&b ; but 
this was not our principal object, and Mr. Lydekher is now engaged in examining that 
gppound. We satisfied ourselves that on the Satlej there is no assignable break, Suited or 
otherwise, in the sequence from the N&han to the Siwalik strata, although a very approxi- 
mate position (that ^ven in my map) can be made out for the change from the harder, 
deeper-coloured clays and sandstones of the former, to the paler or brighter and sofler rocks 
of the fossiliferous upper group. This distinction is more or less discernible throughout the 
whole range to the north-west. It may be very well seen on both sides of the Bakrala ridge 
between Jhelam and R&walpindi. 

As might be expected from its much greater magnitude, the middle tertiary break— that 
appearing in the Cis-Satlej region as a Nahan-Sirmiir contact, and in the K&ngra district 
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marked** on my map as a Siwalik-Nahan boundary — is clearly defined for a much greater , 
distance westward than the Nahan-Siwalik break of the Simla region. On the B&ti, as all 
through the K&ngra- district, the Siwalik conglomerates are in great force along it ; but 
west of the river an oblique strike brings in lower beds, which are less distinguishable ; still, 
the feature as a structural break is easily followed to near Udampur, where the fault dies out 
in the irregular flexures of the region of the Choti-T4wi. Here one must trust to aboriginal 
characters of the strata in any attempt to separate the lower as well as the upper zones of 
tertiary rocks. 

In examining the extension of the inner belt of tertiaries this year, I hit upon two 
outcrops bearing on this point. Where this zone runs north and south along the left bank of 
the Ravi, under the point of the Dhaoladh4r ridge, it is very much compressed, being not 
more than a quarter to half a mile in width. In this very crushed, probably inverted, 
outcrop I found a characteristic sample of the Kas4oli plant bed, the only occurrence of it 
known west of the Satlej. Should the unconformity between the Kas&oli and Nihsn 
horizons in the eastern region be confirmed, this observation will extend the separation of the 
zones up to the R&vi ; and I shall have been over-cautious in introducing the N&han strata 
in this position so far to the eastward on my map. 

Where the B4vi leaves its mountun gorge and turns sharply to the south, there is also 
an acute bend in the strike of the bottom tertiary zone, and from here to the westward this 
band increases steadily in width, chiefly owing to the gradual retreat of its inner boundary, 
which crosses the high ridge into the Chen4b valley north of Chin^ni. The breadth here at 
fifty miles from the R&vi is over twelve miles. In the valley of the Pine over the village of 
Mariin, fifteen miles from the Bdvi, I got a small outcrop of earthy nummulitic limestone, 
the first identification of the Sub&thu zone west of the Beas. This case illustrates well the 
difficulty of fixing the bottom division of the tertiary series — the Sub&thu-Dagshai boundary, 
if the SirmtLr group maintains its distinctness so far ; or the Subathu«N&han boundary, if 
the Upper Sirmur group merges into the Nahan group, as seems certainly to occur at some 
part between the R4vi and the Jhelam. This nummulitic outcrop on the Pine, in the midst 
of a great section of bright red clays and pale-greenish sandy beds near the south boundary 
of the Sirmdr band, is about the highest position in which I have found nummulitics ; and it 
exhibits again how closely the great supra-nummulitic red deposits are oonneoted with that 
formation in the Himalayan region. 

I may here note an important observation I made this year r^^ardtng the inner boundary 
of this oldest tertiary zone. In the position aLready noticed along the west base of the 
Dh4oladh&r where the recognisable band of these rocks is so narrow, being compressed, 
crushed, and apparently inverted, there is no definable boundary between them and the 
contiguous rocks of the mountain which here consist of a broken amorphous mass in a semi- 
metamorphic trappoid condition, red and green vesicular and quasi-amygdaloidal pseudo-trap 
being the prevailing type. The amygdala are not the smooth vesicles produced by elastto 
fluids in a fused rock ; they are of irregular shape, but are quite filled with infiltrated minerals. 
There is a magnificent fan of the debris of this crumbling mass just below Simlin, and now 
deeply cut into on the left bank of the B&vi. I could not but conclude that this peculiar rock 
is a metamorphosed condition, through enormous pressure, of the Subathu nummulitics. Now 
it exactly resembles the so-called trap of the P(r Panj&l and K&shmir, the debris of which ia 
the most abundant shingle in the torrents from that range, and of the age or origin of which 
there is no definite knowledge. If the observation here recorded can be extended to that 
region, an important step will be made towards understanding its intricate geology. 

As the inner tertiary zone expands to the west of the Bdvi, the enormous thickness of 
the supra-nummulitic groups has room to display itself. The cross-gorge of the Choti-T&wi 
is a line of depression, the rocks of the high ridge to the north-west of it having a steady 
south-easterly dip. Strata much higher in the series occur here. There are thick masses of 
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pale soft clayB north of Chin^ni that may even be Siwalik. Indeed, here for the first time in 
this zone, which in the eaet, as has been said, is lifted bodily npon a pedestal of the old slates* 
we find, as is so general in the outer tertiary zones, conglomerates along the inner boundary 
of the area and forming the top of the series. At several places in the upper T&wi yalley, 
below the Bindi gap, coarse and massiire conglomerates are at the contact nearly vertical. 
These are most important* as bearing upon the question of sub-division of this Sub-Himalayan 
tertiary series : do these beds represent the Siwalik conglomerates P If not, we can scarcely 
avoid the inference that there are concealed unconformities to be looke^ for. The search for 
fossils is the most hopeful way of settling the point ; but as I was traversing the country by 
forced marches to pick up the leading structural features of a large area, I could not stop for 
this purpose. The internal evidence of the beds themselves is, however, very significant : the 
imperfectly rounded shingle, some blooks as large as 2 feet in diameter, is almost exclusively 
made up of the bottom tertiary sandstone. The identification is certun. A fact of this 
nature was one of the confirmatory points for the N&han-Siwalik unconformity in the Simla 
region, the source of these boulders being there evident ; whereas for the conglomerates on the 
T&wi there is no apparent source ; every trace, so far as is known, of the tertiary rocks hav- 
ing been removed from the region to the north. The fact is, however, absolute as to their 
once having extended in that direction, and as to their disturbance and denudation before the 
deposition of this conglomerate, certainly saggesting possible unconformity here, and in 
favour of the conjecture, that these beds at the inner border of the tertiary area, and well in 
among the high ranges, may represent the Siwalik conglomerates. 

One of the most interesting observations we made this season was the demarcation of a 
great inlier of old limestone wi^in the tertiary area. The extreme north-west end of this 
feature at Dandii close to the Punch river was noticed in my Memoir of 1862 (loc. cit., 
p. 89), and I have now to apologise for having given a mistaken reading of it, which has led 
to some confusion. I was sent up there in 1859 to report on an outcrop of coal at Dandii. 
I had only one day on the ground ; and, fresh from the Simla region, I was too hasty in 
applying its features to this remote section. I at once recognised the Sub4thu group at 
Dandii, crushed up at the south base of a great ridge of old limestone. Throughout the 
Simla region there is no carbonaceous band in the Snb4thu group ; but, owing to deep uncon- 
formity and crushing, this group is very frequently brought into contact with infra-Krol 
carbonaceous shales. The superficial similarity of these sections, in parallel geographical 
positions, led me astray. The coal of Dandii belongs to the nummulitic formation ; and the 
limestone is not presumably Krol. 

The first appearance of this inlier is eighty miles to south-east from Dandii, some seven 
miles north-west of Udamptir. It is not continuous throughout this distance, as there is no 
sign of it in the valley of the Bari-T&wi between N&oshera and Riljaori ; but all the outcrops 
occur along the same line of flexure and upheaval. It is noteworthy that this line is on the 
general extension of the middle tertiaiy break of the Simla region, the outer boundary of the 
Sirmdr zone. The principal mass of limestone is at the south-east end, where for a length of 
thirty miles it forms a lofty picturesque ridge, through the very centre of which the Chen4b 
has cut a precipitous gorge, just north of Ri6ssi. 

The structure of this feature throughout conforms to that which is so dominant over 
the whole South Himalayan region, a normal anticlinal flexure, broken and faulted on its 
steep outer face. Besides this familiar transverse structure, the clearly defined outcrop of 
these groups betrays a regular longitudinal waving of the stratification. The interrupted 
outcrop with intervening younger rocks suggests this ; and the detail shows it more clearly. 
At each end of these ridges the beds curve continuously round the point of the anticlinal as 
it becomes depressed. The river courses seem to have little fixed relation to this feature, the 
two Tawis cross on lines of depression ; the Chen&b cuts through the middle of the Biassi 
ridge ; the Pdnch cuts the point of the Dandii ridge ; and several minor streams seem 
specially to afiect clefts or chasms across these steep ribs of hard limestone. 
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The relation of the Sab&tha group to these limestone masses is most nniform ; not only 
18 there complete parallelism of stratiiGoation, hat the heds in contact seem to he the same 
thronghoat. This is most markedly the case in the nommnlitio group, the hottom hed every- 
where heing the peculiar pisolitio clay, identical with that I descrihed as a hottom hed of the 
group at Suh&thu (loo. cit, p. 78), and also identical with that in tlie same position on Mount 
Tilla at the east end of the Salt Bange. It is normally a ferruginous layer, hut the 
remoyal of the iron often leaves it nearly pure white. The coaly hand with some shaly days 
immediately overlies it ; to which succeeds the limestone. Immediately under the Suh&thu 
hottom hed there is very commonly found a sort of silicious hreccia. The per£eet angu- 
larity of all the fragments forhids the idea of their having undergone any transport, as would 
primAfaeU he suggested hy the occurrence of such a hand over a very large area, and often 
when the hedding has undergone no contortion. In this rock iron-ore has heen extensively 
mined at many places, especially on the Sangar-Marg ridge. I believe the rock to he a 
shattered condition of a sandstone hand that often occnrs at the top of the great limestone 
series. The ore is a cellukr limonite occurring in nests and strings through the breccia; it is 
probably derived by decomposition and infiltration from the coaly hand of the 8ub&thu 
group. 

The great limestone itself is a dense ciyptocrystalline rock, in this respect contrasting 
strongly with the compact and often earthy nummulitic limestone dose above it. It is oftien 
thin-bedded, locally cherty, and occasionally has intercalated bands of silicious slates and 
ilags. The aggregate thickness of the formation must be great. We could nowhere find any 
trace of fossils in it, and I could see no special points of resemblance in it to the Krol group 
of the outer Himalaya east of the Satiej. On the more gentle uorthem slope of the range the 
Sub4thu group stretches high up along every spur ; and the pisolitio hottom bed with its 
attendant quartz breccia occurs on the highest summits. It will be seen how this relation of 
the nummulitic zone here to the underlying formations agrees with that in the trans-Jhelam 
country, and contrasts with its total unconformity in the Himalayan r^on east of the 
Satiej. 

At Eotli on the Pilnch we have the feature representing the middle tertiary break of 
the Simla region, being the outer boundary of the inner tertiary belt. It is here a douhle 
folded-flexure, with inversion between the axes, and faulting along the inner (anticlinal) axis. 
On the strike to the north-west towards the Jhelam the compressed flexure expands, the 
faulting dies out gradually, and upper beds stretch across the anticlinal axis. We were not 
able to follow this line up to the Jhelam, but these changes in it are the same as occur in ail 
these features as they approach the Jhelam ; the faulting which is so common along the main 
flexures in the Sub-HimaUyan region dies out ; and in many cases the flexures themselves 
cease and are taken up, on the new strike west of the Jhebip, by representative, not oon- 
tinttous, features. The two main north-west south-east antidinal flexures outside the Kotii 
dtin seem to bend continuously into the north-east south-west anticlinals on either side of 
Mount Nar, west of the Jhelam. I had not time to follow -them so fax ; but I got a very 
near view firom the summits east of the river. The synclinal of the Senear ddn, between 
those anticlinal ridges, certainly rises with a steep south-east dip in the ridges flanking Mount 
I7ar on the south-east and well seen at the Owen ferry. 

The less defined flexures of the lower Jamu hiUs are also traceable into connection with the 
trans-Jhelam lines. The anticlinal crossing the Pdnch to north-west at Suru bends round 
and runs into a branch of the Bakr&la north-east flexure below Dangli ferry on the Jhebnu 
The main representative of the Bakr&la anticlinal continues on to S&lgr&on, where it merges 
into several minor transTerse corrugations. Similarly, the broad north-north-east anticlinal of 
Lehri and God&ri sinks into the synclinal area of Chaomdk ; and further south, the Bhotaa 
north-north-east anticlinal spreads and sinks into the synclinal outside the last branch of the 
Himalayan flexures, north-east of Bhimbar. On the whole, the transverse line of the Jhelam 
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would seem to be one of comparative depresmon ; although, of course, the deepest section visible, 
tiie lower zones of rock are not so exposed along it as on parallel sections to the south-east. 
The river itself observes no rule in its windings amongst the points of these opposing 
flexures. 

I could detect nothing definite in these mutually accommodating structural features to 
prove that dither system is younger or older than the other. They fit into each other in a way 
that could only be effected by a simultaneous growth. The continuity of strike observable in 
each could not obtain if the strata had previously been affected by undulations of the other. 
Of the two, however, the strikes are much more steady in the north-west south-east system ; 
a &ct which may, perhaps, suggest that they had somewhat the start in their alignment. The 
great Bakr&la flexure is almost serpentine in its windings. The form also of the north-east 
south-west florures is less regular ; and in its variation betrays the dominance of the Hima- 
layan thrust : while to the south-west, the steep side of these flexures is almost uniformly on 
the south-east ; to the north-east the steeper side is to the north-west. It is so in the Lehri 
anticlinal, and in the Bakr&la flexure north of the Easi. 

In following the tertiary zones south-westwards from the Himalayan borcTer to the Salt 
Bange, some important changes are very marked. As is usual in the proximity of all the great 
Himalayan rivers, the Siwadik conglomerates attain an enormous special development near 
the Jhelam. They are finely exposed in the hilb west of Salgrdon, where it is well seen how 
this character is due partly to encroachment upon the lower zone. When not in force, the 
conglomerates are confined to the topmost earthy-brown portion of the series ; this band 
is largely represented here ; but below it the grey sandstone is strongly conglomeratic for a 
thickness of several hundred feet. These coarse deposits decrease greatly to the south, and 
become confined to the topmost beds, as described by Mr. Wynne in the Kharian or Pabbi 
hills, south-east of Jhelam (Bee Geol. Surv., Ind., Vol. YIII, p. 48). 

The main fossiliferous zone of the Siwaliks continues in great force to the south. The 
uncertainty of our measurements of them does not admit as yet of any close comparison in 
thia respect Mr. Theobald has again during this season made a good collection from these 
beds, principally in the area immediately north of the Salt Bange, between the Tilla and 
Bakr&la ridges. Mr. Lydekher, when he returns from the field, will no doubt give a good 
account of them. 

In the lower zone we again find a very marked contrast from north to south along the 
Jhelam, between the Sub-Himalayan region and the Salt Bange. We have seen all along 
the former ground that the Subathu-Dagshai boundary is the most unsettled of any in the 
Sub-Himalayan tertiary series ; stray thin layers of nnmmulitio limestone being iocally 
found high up in the purple clays transitionally overlying the distinctive Sub&thu zone. In 
the Salt Bange, on the contrary, this is the most marked boundary of any ; thick, softish 
sandstones and clays rest abruptly on the clear nummulitio limestone. The commonest junc- 
tion-layer being a conglomerate made up of water-worn pebbles of the limestone and its 
flints, I described the contact in my Memoir of 1862 (p. 91), as one of denudati«>n. I do not 
think the term a misleading one for such a junction, although Mr. Wynne very properly 
insists upon the constant parallelism of the stratification in the two groups, and upon his 
failure to find even a single case of actual erosion in the lower group filled in by the upper one. 
It is quite evident, however, that a very considerable break in the tertiary series occurs at 
this horizon in the Salt Bange, amounting, I should think, to several hundred feet of the 
Subathu and immediately supra-Subathu zones of the Himalayan sections. 

An important formation not yet mentioned came lai^ely under our notice in the Sub- 
Himalayan hills — ^high-level river-shingle capping the ridges and spurs of upturned tertiary 
strata and packed against their flank at fully 400 to 500 feet over the actual river courses, 
which must have been eroded to at least that depth since the period of these deposits. There 
is evidence also to show that to some extent at least this was a re-excavation of the channels oat 
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of these depositfl, «. e,, that the existing rook-gorges had been to a great extent cut out before 
their aocnmalatioc, then filled by them, and subsequently cleared out again. Bubh6r stands 
on a great bank of these beds packed against a ridge of vertical Siwalik conglomerates ; and 
the bottom beds are seen to pass continuously for some way up the gorge of the Satlc)], while 
the top beds of the same set are found capping the inner ridge of g^y sandstone above NailL 
They are unquestionably of very ancient post4erfiary date. 

The distribution of this formation in the hills is generally limited to a greater or lees 
distance from the great river courses ; a fact which seems simply a question of levels ; tiie 
flat watershed of the dtins being commonly 600 to 600 feet over the main drainage leveL 

The supposed glacial deposits of the K4ngra valley would belong to this old diluvial 
period. I must mention that though we were unable to account for the distribution of the 
great erratics otherwise than by glacial action, Mr. Leydekher and myself were unable to find 
the moraines so graphically described by Mr. Theobald (Vol. YII, p. 86). The features so 
named are, I believe, only ridges of erosion out of a deposit that must once have filled the 
whole valley, remnants of it being found on the outer ridge high over £14ngra fort. 

The same deposits are largely displayed about the Jhelam, capping the Rhotas ridge 
on both sides of the Kahdn ; and on the Potw4r, filling the valley of the Soh&n, and 
covering the country for some distance from the 6akr41a and Tilla ridges with lai^ blocks 
of stone, for the transport of which it is difficult to account. Mr. Theobald strongly 
advocates their glacial origin, finding what he considers evidence of an ice-stream from the 
south-east flank of Tilla, past the villages of Hunula and Hdn, to within about 1,000 feet 
of the sea level. 

As the priocipal object of our season's work, it is necessary to say something of the 
correlation of these tertiary groups, especially since, in the absence of direct information, 
conjectural affiliations have been published by the Survey — ^by Mr. Wynne in his Memoir 
on the Kohat Salt Begion (Mem., Vol. XI, 1875), and by Mr. Blanford in his paper on the 
Geology of Sind (Bee. Vol IX, 1876). The former finds representatives of all the lower 
tertiary zones in the Kohat and Salt Range sections, and almost excludes the Siwaliks (see 
table, p. 24) ; while the latter runs the Siwaliks and N4hans together as equivalent to his 
Manchar (pliocene) group (p. 21). It is but right to explain that these opposite mistakes are 
largely due to some unpublished work of Mr. Theobald's in 1873-74, who, starting from the 
Satlej, somewhat arbitrarily restricted the Siwalik group to the outermost range of hills, and 
mapped all the rest as N&hsns, up to the trans-Jhelam country, although finding in them 
fossils joi the Fauna Sivalensis, the object set before him being to work out the presumed 
distinction of the N4han and Siwalik faunas. Mr. Wynne accepted his stratigraphical' 
identifications, and Mr. Blanford on his side was equally right in insisting that there was 
a very close affinity between the fossils said to be from the two distinct horizons. ' 

Whatever value may be ultimately assigned to the unconformity which originally sug. 
gested the separation of the Nahan group in the Cis-Satlej region, the distinction of the zone 
as a comparatively barren formation at the base of the great mammaliferous Siwalik depo- 
sits will hold good, even if the fossils, whenever discovered, should make it desirable to 
designate the group as lower Siwalik. It has now been traced with fair certainty into 
the trans-Jhelam country, where it is represented by several hundred feet of sandstones and 
clays immediately overlying the nummuUtic limestone on the east end of the Salt Bange. 
It may not, unliely ' be the equivalent of Mr. Blanford s G4j (miocene) marine group 
in Sind. 

It seems very doubtful whether it will be practicable or desirable to separate this band 
from possible representatives of the upper Sirmtir strata, in the vastly greater thickness 
of purple sandstones and clays transitionally overlying the Sub&thu group in the Himalayan 
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region proper, to the north of the Salt Bange. We may be well satisfied if we can make 
oat there an assignable boundary for the top of the Sab&thu group. This remains to 
be done. 

A word is necessary on the Sub&thu group itself: at Sabathu, where it was first brought 
to noUce through the collections of Major Yicary, described by D'Archiac and Haime, and 
aU along the Himalaya up to Man, the formation is principally made up of brown, oliTe» 
and red clays, with subordinate earthy limestone ; the base of the group being very sharply 
defined throughout by very characteristio beds resting upon much older rocks. In my 
Memoir of 1862, owing to the mistake already noticed regarding the coal of Dandli, and 
other causes, such as the specific difference of tiie fossils as noted in D'Archiac and Haime'a 
work, I remarked upon the want of agreement between the Sub&thu group and the nummulitio 
band of the Salt Bange. From the continuous observations of this season I was greatly 
struck by the remarkable correspondence between the thin nummulitic band at the east end of 
the Salt Bange and the very base of the Sub4thu group. The point is important with reference 
to the great change that takes place in the formation to the westward, both in the northern 
and southern region — the immense and rapid increase of limestone. From Mr. Wynne's de- 
scription of the Man ground, it would appear as if the " Sub&thu group ", overlay his " Hill 
nummulitic limestone;" but I am disposed to think, and information sent me by Mr. Lydekher 
strengthens the notion, that this gpreat limestone takes the place of the upper Sub&thu 
deposits. The coaly band, common to both regions, continues at the base of the formation 
all through the Salt Bange and beyond it to the west. Thus it appears possible that the 
Sub&thu group of the Himalayan region may contain representatives of Mr. Blanford's 
Nan and Kirthar groups, and even of his Banikot beds, in Sind. 

Our observations of this season have strongly brought before us the necessity of indicat- 
ing an upper division in the Siwalik group of my Memoir of 1862, to represent the great 
conglomeratic zone and its equivalents at the top of the formation. We found repeated 
confirmaUon of my remark that the distribution of these Siwalik cqnglomerates is coincident 
with the proximity of the Great Himalayan rivers, they being generally represented 
elsewhere by brown clays undistinguishable from recent alluvium, or, if conglomeratio 
in this position, the pebbles are of local debris, not the hard torrent-shingle of the great 
conglomerates. There is no better example of this than at the Satlej, where there are 
some 4,000 feet of deposits highly conglomeratic throughout and very coarse in the upper 
portion. All are vertical, the strike being most easily followed continuously ; and thus, 
within seven miles of the Satlej, in the parallel section above Bas61i (Madanpur), we find only 
about 600 feet of conglomerate in the middle of over 3,000 feet of brown sandy days. It 
was in these beds that Mr. Theobald found remains of JBubalui and Camelus; and Mr. 
Lydekber insists upon their separation from the main Siwalik deposits on paliBontological 
grounds, suggesting that they may be the same as the Narbada fossil-beds. Upon this 
question of identification I think further consideration is needed. If the old alluvium of the 
Gangetio plains, which Falconer identified with the Narbada bone beds, are the equivalents of 
these vertical upper Siwalik strata, where in the plains are we to look for the representatives 
of the very ancient high-level terrace deposits already described along the base of the Hima- 
laya as post-tertiary? I am inclined to think that these may rather be grouped with the 
old valley-gravels of the Peninsula. The gap between them and the top Siwaliks must be 
very great. 

(An <mtline»fnap for thU paper will be given in a later numberj. 
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DONATIONS TO MUSEUM. 

SxSVJkJLY TO Mabch 1876. 

Donort, 

'* Fenesiella " in slaty rock from Kashniir ~. — Major H. Collet. 
Eossiliferons rook from Cherat m. . ••• "^ Ditto. 
A la^e slab of shale with fossil plants from Knrhorballee coal- 
field, Bengal •.. ... ••• ... T. J. Whittyi Esq. 
Goal in jonction with trap rook, same locality ... — Ditto. 

Silver ore from Fnlu .t. ... — — J* Calvert, Esq. 

Serpentine carved into ntensils, f^m Wozeeri, Bnpi, Kola ... Ditto. 



ACCESSIONS TO MBEABT. 

FbOK l8T JaVXTABY to 3l8T MjLSOH 1876. 

Titles of Boohs. Donors. 

F0B8TIH, Sib T. D.— Beport of a mission to Tarknnd in 1873, (1875), 4to., Calcutta. 

GoYBBNKEirT OF IkDIA, 

HuTTOK, F. W., AKD Ulbich, G. H. P.— Eeport on the Geology and Gold-fields of Otago, 

1875, 8vo., Danedin. 

Thb Authobs. 

FERIODICAI^, SERIALS, kc. 

American Jonmal of Science and Arts, 3rd Ser., Vol. X, No. 60, Sapplementary No. for 
December, and Vol. XI, No. 61, (1875—1876), 8vo., New Haven. 

Thb Editobs. 
Annals and Magazine of Natural History, 4th Ser., Vol. XVI, No, 96, XVII, Nos. 97— 

98, (1876—1876), 8vo., London. 
Archiv fiir Naturgesohichte, Vol. XLI, heft 4, 1875, 8vo., Berlin. 
Biblioth^ue Universelle et Revue Suisse, Vol. LIV, No. 215, (1875), 8vo., Lausanne. 

Ditto ditto Archives des Sciences Physiques et Naturelles, Vol. LIV, 

No. 214, (1875), 8vo., Geneva. 
Encyclopcedia Britannica, Vol. Ill, 9th Edition, (1875), 4to, Edinhurgh. 
Geographical Magazine, Vol. II, No. 12, and Vol. Ill, Nos. 1 & 2, (1875—1876), Boy. 8vo., 

London, 
Geobgical Magazine, New Series, Decade II, Vol. 11, No. 12, Vol. HI, Nos. 1 & 2, (1876— 

1876), 8vo., London. 
Journal de Conchyliolo^e, 3rd Series, Vol. XV, No. 4, (1875), 8vo., Paris. 
London, Edinhui^h, and Dnhlin Philosophical Magazine and Journal of Science, 4th Series, 

Vol. L, Nos. 333 & 334, 6th Series, Vol. I, No. 2, (1875), 8vo., 

London. 
Mabtiiti und Chbhkitz. — Conchylien Cahinet, Lief 241 k 242, (1876), 4to., Numherg. 
Nature, Vol. XIII, Nos. 317—331, (1875—1876), 4to., London. 
Neues Jahrhuch fiir Mineralogie, Geologic, und Paksontologie, Jahrg. 1875, heft VIII— IX, 

Jahrg. 1876, heft I, (1876—1876), Svo., Stuttgart. 
Palaeontographica, Band XXIII, Lief. V, (1875), 4to., Cassel. 
„ Supplement III, Lief 1, (1875), 4to., Cassel. 
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Tiiles of Books. Donort. 

PlTXBMAKir, Db. a.— Ghographisohe Mitiheilaiigeii, Band XXI, Nos. 11 & 12, and XXII, 

No. 1, (1876—1876), 4to., Gotha. 

„ „ Supplement, No. 44, (1875), 4to., Gotba. 

Pfbiffbb, Db. L.~Malakozoologisohe Blatter, Band XXII, (1874), 8vo., Cassel. 

PoeoBMDOBFF, J. C. — Annalen der Phjsik und Chemie, Band 156, Nos. 11 & 12, (1875), 

8vo., Leipzig. 

Profetsional Papen on Indian Engineering, 2nd Series, Vol. Y, No. 19, (1876), 8to., 

Boorkee. 

Thokaboit Collxgb of GnriL £kginbbbino. 

Quarterly Journal of Microscopical Science, New Series, No. 61, (1876), 8to., London. 
The AthensBum, Nos. 2515—2523, (1876), 4to., London. 

The Colliery Guardian, Vol. XXXI, Nos. 784—790 and 792, (1876), fol., London. 
The Mining Journal, Vol. XLY, Nos. 2100—2108, and Vol. XLYI, Nos. 2109—2114, 

(1876), fol., London. 

GOYERNMENT SELECTIONS, Ac. 

BBNaiL.— WiLLSOV, W. G. — Beport of the Meteorological Exporter to the Goyemment 

of Bengal. Meteorological Ahstract for 1874, (1875), flsc., 
Calcutta. 

Metbobological Bbpobtbb. 
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Report on the Midnapore and Burdwan Cyclone of the 15th 
and 16th Octoher 1874, (1876), flsc., Calcutta. 

Ditto. 

Bbitish Bubma. — Report on the administration of British Burma during 1874-1875, (1876), 

8yo., Rangoon. 

Chibf Commissiokbb, Bbitish Bubha. 

India. — Selections from the Records of the Government of India, Foreign Department, 

No. 122. Report on the political administration of the Rajpoo- 
tana States for 1874-75, (1875), 8to., Calcutta. 

Goybbnhbkt of Ikdia. 

„ Selections from the Records of the Government of India, Foreign Department, 

No. 123. Report on the political administration of the territories 

within the Central India Agency for 1874-75, (1875), 8vo., 
Calcutta. 

Ditto. 

„ List of Civil Officers holding gazetted appointments under the Government of 

India in the Home, Legislative, and Foreign Departments on 
Ist January 1876, (1876), 8vo., Calcutta. 

Ditto. 

N.-W. Pbovikcbs. Atkinson, Edwin, T. — Statistical, descriptive, and historical account 

of the North-Westem Provinces of India, Yol. Ill, Meerut 
Division, Part U, (1876), 8vo., Allahahad. 

GOVBBNMBNT, N.-W. PbpVINCBS. 

Punjab*— -Report on the administration of the Punjab and its dependencies for 1874-75, 

(1876), 8vo., Lahore. 

Punjab (Jovbbnknbt. 
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TUles of Books. Ihnon. 

PVKiAB. — Seleotaons from the Beooids of the Goreomment of the Panjab and its depen-' 

dendes, New Series, Noa. XII— XIII, (1876), 8vo., Lahorr. 

Punjab GoYBBimsiiT. 

TRANSACTIONS, PROCEEDINGS, &c., OP SOCIETIES. 

AiiSTBaDAK.— ^aarboek van het Mijnwezen in Nederlandaoh Oost-Indie, Jahrg. lY, 

Deal 1, 1875, Svo., Amsterdam. 

Royal Socistt of Batavia. 

BBBLiv.*-Monatsbericht der E5nig. Prenss. Akad. der Wissenschaften su Berlin, July— 

Aug., Nov., (1875—1876), 8?o., Berlin. 

Thb Acadbxt. 

„ Zeitsdhrift der Deutschen G^logischen Gesellschaft, Band XXYII, heft 2, 

(1876), 8vo., Berlin. 

Thb Socibtt. 

' Bombay. — Journal of the Bombay Branch of the Royal Asiatic Society, Vol. XI, No. 31, 

(1875), 8vo., Bombay. 

Thb Socibty. 

Bbbslav— Fest — Gkruss der Schlesischen Gesellschaft fiir Yaterlandische Cultur, (1874), 

8vo., Breslau. 

Thb Silbsian Socibty. 

„ Zwei und funfzigste Jahres-Bericht der Schlesischen Gesellschaft fiir Yater* 

liindische Cultur, (1875), 8to., Breslau. 

Ditto. 

CALCUTlA.-^onmal of the Asiatic Society of Bengal, New Series, Yol. XLIII, pi 11, extra 

No., Yol. XLIY, pt. II, No. 8, and XLV, pt I, No. 4, (1875), 
8to., Calcutta. 

Thb. Socibty. 

„ Proceedings of the Asiatic Society of Bengal, No. X, Dec. 1875, and Nob. 1 

& 2, (1876), 8to., Calcutta. 

Ditto. 

Dbbsdbk. — Sitzungs — ^Berichte der naturwissenschaftlichen Gesellschaft Isis in Dresden, 

Jahrg. 1875, Jany.— June, (1875), Syo., Dresden. 

Thb Socibty. 

DCBLIB.— Journal of the Royal Geological Society of Ireland, New Series, YoL lY, pt 2, 

(1876), 8vo., Dublin. 

Thb Socibty. 

Edinbuboh.— Transactions of the Royal Scottish Society of Arts, Yol. Ylll, pt. 5, and 

IX, pts. 1 <& 2, (1873—1874), 8vo., Edinburgh. 

Thb Socibty. 

Gbkbya.— M^moires de la Soei^t^ de Physique de Gen^YO, YoL XXIY, pt. 1, (1874r~1876), 

4to., Geneva. Thb Socibty. 

IiiYBBPOOL.-*Frooeeding8 of the Literary and Philosophical Soeiety of Liverpool, No. 29, 

(1876), 8vo., London. 

Thb Socibty. 
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TUIm qf Booht, Donan. 

LnrsBFOOL.— Proceedings of Hio LiTerpool Geological Society, Vol IQ, pt 1, (1876), 8to^ 

LiTexpooL 

Ths Socibtt. 

Iioin>OK.<— Fhiloeophieal Timiuneiione of the Boyal Society of London, Vol. 164, pts. 1 & 2, 

and Vol. 165, pt. 1, with List of Fellows for 1874, (1874—1876), 
4to., London. 

The Socixtt. 
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Quarterly Joomal of the Geological Society of London, Vol. XXXI, pt. 4, 

No. 124, with List of Fellows for 1876, (1876), 8to., London. 

Thb Socixtt* 

Mavchbbtxb.— Transactions of the Manchester Geological Society, YoL XIY, 1, (1876), 

Sto., lianchester. 

Ths Socutt. 

MsLBouBiTB. — Beports of the Mining Surveyors and Registrars for quarter ending 90th 

Jnne 1876, (1876), flse., Melbooma. 

Govt. Miking Dbpt. 

MiVKBAFOLiB.— Geological and Natural History Survey of Minnesota. Peat for domestic 

fuel, (1874), Svo., Minneapolis. 

Gboiowcal Subvbt of Miknbsota. 
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WnrcHBiL, N. H. — Geological Survey of Ohio. Beports on the countries of 
Sandusky, Seneca, Wyandot, and Marion, (1876), 8vo., Min- 
neapolis. 

Ditto. 

WiKCHBil, N. H.-^The Economical Geology of the region of (Theboygan 
and Old Mackinac, (1876), 8vo., Minneapolis. 

Ditto. 

Moscow:— Bulletin de la Soci^t^ Impdriale des Katuralistes de Moscow, VoL XLIX, No. 1, 

(1876), 8vo., Moscow. 

Thb Socibty. 

Nbuohatbl. — Bulletin de la Soci6t^ des Sciences Naturelles de Neuohatel, YoL X, pt. 2, 

(1876), 8vo., Neuchatel. 

Thb Socibtt. 

Paris.— Bulletin de la Soci^t^ G^logique de France^ drd Series, Vol. Ill, No. 7, (1876), 8vo., 

Paris. 

Thb Socibtt. 

Philadblfhu.— Journal of the Franklin Listitute, 3rd Series, Vol. LXX, No. 6, and 

LXXI, Nos. 1, 2, (1876-1876), 8vo., Philadelphia. 

Thb Ihstitutb. 

Plymouth.— Beport and transactions of the Devonshire Association, YoL YU, (1876), 8vo«y 

Plymouth. 

Thb Absociatiov. 

. 

BoxB.— BoUettino R Comitate Geologico d' Italia, Nos. 11 & 12, (1876), 8vo., Bome. 

Thb GBOLoaiCAL Coxicissioir. 
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Titles qf Boohs, Donors* 

Saint Paul. — Geological and Natural History Surrey of MinneBota. Annnal Report for 

1873, (1874), 8vo., Saint Pad. 

Gbolooical Subvey of Miknbsota. 

„ WiNGHBLL, N. H.— Notes on the drift soib of Minnesota, (1873), 8vo., Sunt 

Paul. 

Ditto. 

„ WiKOHEiL, N. H» — Report concerning the salt spring lands dne to the 

State of Minnesota, (1874), 8yo., Saint Paul. 

Ditto. 

„ Statistics of Minnesota for 1874, (1876), 8vo., Saint Paul 

Ditto. 

ToBONTO. — The Canadian Jonnud of Science, Literature and History, New Series, 

Vol. XIV, No. 6 (1876), 8vo., Toronto. 

The Cakabiak Ikstitittx. 

TuBiK.— Atti della B. Accademia deUe Sdenze di Torino, Vol. X, Nos. 1—8, (1874—1876), 

8vo., Turin. 

The AcADEicT. 
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BoUettino Meteorologico ed Astronomioo del Begio osservatorio, Anno VIII, (1876), 

4to., Turin. . 

Ditto. 

Yokohama. — Mittheilungen der Deutschen Gesellschaft fur Natur und Volkerkunde Osta- 

siens, heft VIII, (1876), 4to., Yokohama. 

The Socxbtt. 
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N0TB8 OK THB AOB OF BOlCB F0881L FL0BA8 IN In^IA, 5^ OtTOKaB FbI8TIIANTBL, M. D», 

Geological Survey of India.* 

Ill, IV AND V. 

In the last number of the Records I had occasion to discuss the relations of some 
local fossil floras of India, and from those relations, after a thorough comparison of our 
floras with others, I attempted to draw natural conclusions regarding the age of the rocks 
in which the plants occur. I began with the highest groups of the Gondwina series, 
and gave a list of fossil plants found in the plant-beds in Each, and in those interstratified 
(partly) with the Tolcanio formations of the R4j m ah41 hills. I also referred the flora from 
Golapilli, (Eolapilli) near Ellore (Madras Presidencj), to the same age as the B&jmah&l 
group. 

Proceeding in natural order, I should next describe the other local floras more or 
less closely allied to those mentioned above, t. e., to the Eac h and B 4 j m a h 4 1 groups. 
Such local floras are found in the Jabalpur group of the Satpura and South Rewah 
areas, the Sripermatdrbeds near Madras and the Trichinopolj pknt-beds. I will, 
however, postpone the consideration of these for the present, in order to give a prelimi- 
nary sketch of the floras found in the lower groups of the Gondw4na system, which are 
palsBontologically more interesting, as determining the geological range of this system as 
a whole. 

The groups to be noticed in the present paper, according to the classification adopted 
by the Geological Survey of India, are the following :— 

a. — The Panchet group. 
b. — The Damtjda group, 
c— The T41chir group. 

However opinions may differ as to the age of these three groups, as indicated by their 
floras, I do not doubt for a moment that all belong to one geological epoch — ^the 
Trias. Their precise age, in each case, will be shown by a discussion of each flora 
separately. I should consider it a great palaontological mistake on my part, and it would 
show want of knowledge of the literature, were I to decide otherwise, for it seems to me 
incorrect to suppose that the floras of these groups cannot be compared with a well known 
fossil flora in Europe, and to refer them instead only to a less perfectly known flora in Aus- 
tralia, with which some of our plant-beds have by accident one or two genera in common. On 
the other hand, several important genera found in the fossil floras of India are identical with 

* Contioaed from p. 42. 
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those described from a well known and defined horizon amongst the rock-systems of Enrope, 
while not one of the animal fossils, which serve to determine the age of the lower portion of 
the Australian coal strata, has ever been found in our series. 

I regret only that the provisional determinations of the plant remains given by Mr. 
Oldham in his paper in the Memoirs, vol. II, have been misunderstood, and have ^ven 
rise to wrong conclusions, as the present state of our knowle%e shows that the real 
relations of the fossil plants are different from what they were formerly supposed to be. 
For any safe inference the following conditions must be fulfilled -^ 

1.— Only a thorough determination of the fossil remains can be used for the 
determination of the age of the series. 

2. — The comparison must be made with all the known floras, and not only with 
one, especially if that one be not typical. 

3. — Where, besides the fossil plant remains, there are no fossil animals, the typical 
plants must determine the age of the groups, especially if the species of 
plants are identical with other well known and characteristic forms found 
in formations of well determined age. 

4. — The conclusions must agree with all laws of Paleontology; if one law is aban- 
doned, the conclusions are uncertain, and contradictions appear which are 
unnatural. 

5. — It is not upnatural that certain genera having a wide range in time shoold 
be common to several series. They can, however, be of no important 
influence in fixing age, which must be determined by the other fossils 
with which they are associated. 

For in8tance,^thcre is nothing strange in the same species of Piilophyllum, Morr., 
occurring both in the jR&jmahdl series ( Lias ) and in the Kach series ( lower Oolite), 
nor in some species of Ferns or JSquisetctceie, being found in the Carboniferous 
and Permian ;X&ud similarly there is no reason why a certain spedes of the genus 
Glossqpteris, Brgt., occurring in our Damtida series, the flora of which is really 
M^esozoic, should not also be found as well (and perhaps prevail) in some of the supposed 
Palffiozoic coal strata of New South Wales. 

We shall see thatjcharacteristic species are found in the Panchet group and throughout 
the Damtida formation, and that these species clearly define the age of the beds, while 
Schizoneura is common to both, and proves that both belong to the same great epoch. The 
Damdda group has no real connection with the lower coal-beds of New South Wales, 
although Glossopteris, Brgt., occurs in both, and in Australia (but only in the lower strata) 
is associated with marine fossils of palteozoic age. The plant-beds of Kach and those of 
lUjmah&l, as was shown in the last number of the Records, are, it is true, of diffei^nt ages, 
but vet belong to the same greai epoch, and are related by the occurrence of certain species 
of the genus TtHophyllum, Morr. ; in the same manner, we shall find that the three series 
now to be described are also connected together by common forms: that the Panchet 
group is connected by a species of Schizoneura with the Damn da, and these latter again 
with the Tlilchirsby Gangamopteris ; proving that all these three, though of different age, 
belong to the same epoch. There may be, and of coarse are, other opinions about the age of 
these groups. I can only remark, that as long as no other proofs are found, the fossils 
alone can serve to decide the geological age, agreeing, as they do, with other well known 
species from well defined series ; and as these are all well known foflsil plants, tliese must 

decide. 
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III. — Floba and pkobabib aob of thb Panchbt gboup.* 

In his paper on " the Ranigan j coal-field, " 1. c, Mr. W. T. Blanford described some 
beds overlying the Damddas as the Pa nchet group. From this group, both animal and 
plant remains are known. The first have been already described by Prof. Huxley in the 
Paloeontologia Indica, Ser. lY, No. I, and determined as bones of Xa2|^iii^Ao(foii^« 
and Dieynodanis. Besides these some^ Estherim were also found. These animal fossils, in 
connection with the plant remains, amongst which Mr. Oldham recognised some triassic 
forms, led to an approximate determination of the age of the P an chet group. This we 
find expressed on page 205 of Mr. Oldham's paper, 1. c. (Mem. Ill) in the following 

words: " I feel no hesitation in expressing my belief that the Pan chet group 

of the present report represents the earliest portion of the great mesozoic division in the 
general geological scale, or, in other words, is of about the same age as the Buntersand- 
stein and Keuper of Europe.*' 

There is only to be remarked, that to this group cannot be attributed the age of two 
different European strata (as Buntersandstein and Keuper are). From a comparison of the 
]>lants I must as I shall show, accept the age of the Keuper for our Panchet group. 

Mr. Oldham gave also a provisional list of the plant remains (Mem. Ill, p. 204) 
which has been reproduced in a recent paper of Mr. H. F. Blauford.f 
The list was— 

Schizonewra, I species. 
TeeniopteriSf 1 
Spkenopterit, 2 
Neuropteris? 1 
PecopteriSf 2 
. Preisleria, 1 

Of these I have been unable to find any Sphenopteris or any true Neuropteris, whilst 
with regard to the doubtful genus Preisleria, Presl, we now know from the investiga- 
tions of Prof. Schenk, that in the specimens which Presl described^ the leaf fragments 
belong to ZamiUs ditians, Presl, and that the flower or fruit-like figure (fig. 10) is an arti- 
ficial production, as I will point ont hereafter. Our fossils, which Mr. Oldham compared with 
Preisleria, are, as I think, more probably the fructification of someequisetaceous plant. 

As I shall before long have occasion to speak of these plant remains, as well as of the 
others, in more detail, with illustrations of the best of them, I will here only briefly notice 
the most important— 

A—EQ UI8ETA OEM. 

Remains of equisetaceous plants are of frequent occurrence; one very important 
genus being especially abundant. 

Genus: Schizonxuba, Schimp, 

(Schimper et Moageot x Monogr. d. pi. foM. da Oris bigarrtf des Vosges, 18M.) 
Schimper and Mougeot described this peculiar genus from the ''Gr^s bigarre', 
(Buntsandstein) of the Yosges-mountains. But it has since been found also in Keuper 
and in B has tic. There are in all about four species known. 



Vid* W. T. Blanford : Memoirs, Geolog. Surv., Ill, Part I, pp. 29, 126. 182, &c. 

„ Th. Oldham : Additional remarks on tho geological relations, etc. Mem. Gcol. Surv. Ill, p. 197. 
(jnart. Joam. Geolog. Soo., 1876 : On the age and corrtUtioa of the plant-bearing scries uf ludiii, «tc. 
Sternberg, II, Ub. XXXIII, f. 6->10. 
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Our species from thePanchet is distingaisbed from those previously described by 
the dimensions of the leaflets (on the spathes), which are broader. It comes nearest to 
Schizoneura paradoxa, Scbimp.-Mong., from the Yosges sandstone. As I think lam 
justified in considering this species from the Pane bet group as 'identical with that from 
the B&niganj gronp (Damdda), I shall describe it under the following name: — 

1. Schizoneura Gondwanensis, Fstm. The description will be given fiirtfaer on 
under the Damtida flora. 

This species is of great importance ; both because it is of influence in the determinatiOD 
of the age (for these broad-leaved forms are only found in the IVias), and because it serves 
to connect the Panchet with the upper portion of tbe Damtida (Raniganj group) ; as this 
species is found in both groups of the lower portion of the Gondw&na series I name the 
species Gondioanensis, There occur also a great variety of stalks, stems, and evidently also 
Bhizomes and rootlets, belonging no doubt to this genus. 

The fossils wbich Mr. Oldham identified with Pre si's genus Preisleria I am inclined 
to look upon as the fructification of Schizoneura : they have certainly nothing in common 
with the form described by Presl. I have already mentioned that Fresl's figure was taken 
from a specimen which had been altered by artificial means. Schenk*^ has proved that 
P reel's figuref belongs to Zamites dietans, and he considers that the markings which were 
taken for inflorescence were produced by painting the specimen with Indian ink.^ 

B.'-FILICES. 

Amongst these, there are two species of importance for the determination of tbe age. 
The most abundant is — 

1. FecopterU concinna, Presl. Sternberg : Fl. d. Vorw. II, Tab. XLI, fig. 3. 

A fern, of which we have several specimens found in a greenish grey soft sandy day 
which has not been quite suitable for the preservation of the tender parts of the fronds ; 
still our specimens agree exactly with Presl's figure. 

Mr. Oldham recognized this species, and says on page 205 of his paper (Mem. Ill) : 
"A Pecopteris is undistinguishable from P. concinna^ Presl, a triassic (Keuper) for^i." 
It is true that Presl and other authors after him considered the locality of P. concinna, Presl, 
(Hoefen near Bamberg) as E e up er, but Schenk has shown that this locality as well as 
several others belong to the Rhsetio formation, intervening between Eeuper and Lias. 
Nevertheless, on account of its occurrence with Schizoneura QondwanensU, Fstm^ I will 
consider it Keuper. 

The other species is — 

2. Cgclopteris pachyrachie, Goppert: Gattungen der foss. Pflanz., Lief. 6, 6, p. 94 
Tab. IV, V, figs. 13, 14. 

This fossil was originally described from Bamberg, and was supposed to have been 
found in beds belonging to the Eeuper. Other authors, including Schenk, have described 
it under the same name ; but the last named writer, from a special examination of the 
ground, has proved that the locality at which the fossil was procured belongs to the 
Bhsetic beds, and its position is nearly the same as that of Pecopteris concinna, Presl. 

* Beitr&ge lur Keuper-nnd BoDe*bed-flora, p. 67. 

t Presl in Sternberg, Vers. II, PI. XXXIII, fig. 10. 

% Schenk, Qrensuhichten-flora, p. 162. ** Dm Original der fig. 10, in der Kreissammlnng m Bayrenth befiad- 
lich, Terdient srar keine Beracksichtignng, es let mit Tnache bemalt nnd eind die nmden sohwarzen Stelien mlt 
Farbe anfgetragen, dae Blatt geh^rt wabnchoinlich ebenfalli za ZamiU$ dittatu.'* 
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Schimper has more lately transferred Cyelopteris pachyrachis, Gopp., first to Neuropieris, 
Brgt., and in the last volame of his Pal^ntologie T^g^tale (III, p. 476,) to Pecapteris* 

Besides these two very well marked speoies of ferns there are some more indistinct frag- 
ments, only one of which requires notice here. It is a species of TaniopteriSf Brgt., which, 
from the general hahit of the frond and its coriaceous appearance, must, I think, he referred 
to Oleandridium, Schimper, and is evidently somewhat allied to O. stenoneunm, Schimp, 
(Schenk) from B h se t i c heds. 

In general, therefore, the Flora of the Panchetis very poor ; but still it is sufficient 
for comparison with other Floras, and for determining the age, at least with some probability. 
AH the fossil plants hitherto found in the Panohet rocks are from one locality south of 
Maitur, on the west branch of the Ntinia in the R4nigan j field. 

Amongst the Panchet fossil plants Schizoneura Ghndwanensis, Fstm., is the most 
important form. 

If we now turn to the determination of the age, we have, excluding the reptilian remains, 
especially to consider three very well marked species, which at . once indicate an age lower 
than Jura (including Lias). Of these three plants, two, Pecopteris concinna, Presl, and 
Cyclopteris pachyrachis, Gopp., (as well as, perhaps, the TcBniopteris, Brgt.,) would indicate 
the transition series between Keuper and Lias; but the occurrence of Schizoneura Qand* 
wanensis, Fstm., which on the one side is allied to the European broad-leaved species 
Schizoneura paradoxa, Schim.-Moug., from the Yosges (Buntsandstein or gr^ bigarr^), on 
the other side is the same as the Schizoneura so abundant in the B&niganj group (Upper 
Damtida), which also, as will be seen, is lower Triassic (gr^ bigarr^), induces me to take 
the plants altogether as indicating a rather lower age, and I do not hesitate to consider 
them all as Keuper, a position which is moreover not at all in contradiction with the evi- 
dence of the reptilian bones, and with Mr. Oldham's already pronounced opinion (Mem. III). 
2%e Panchet group may he thertfore taken as representative of ike highest Trias (Keuper). 

I think also the animal remains of this group will not be opposed to these observa- 
tions, as they agree very closely with many reptilian remains known from the Rh»tic of 
Bayrenth (Verzeichn. der Petref. z. Bayreuth ; F. Braun, 1840). 

This group is allied, through Schizoneura Oondwanensis, Ystm., with the Damudas, in 
the first place with the Baniganj group, and through this with the whole formation. 

rV. — Floba akp fbobablb aob of thb Dak^da Fobmatiov. 

This formation is largely developed in India ; it is also the most important, as it includes 
the deposits of the so-called ** old coal" of India. We find it in Bengal, South Rewah, 
Satpura Bange, on the God&vari and in the Eastern Himalaya. I need not mention anything 
about the stratigraphy of this series, as this has been done in the publications of our Survey.* 

* The niMt important notioes are— 

Hemoirs I.— On the geological stmctare and relations of the Talehir CkMd-field in the diatrict of Cntttck. 
(W. T. and H. F. Blanford, and W. Theobald). 

Xemoirs IL— On the geological stmctare of Uie central portion of the Nerbodda District. (J. G. Med- 
lioott). 

„ w On the geological relations and probable geological age of the rocks in Central India, (bj 

Mr. Oldham). 

Memoirs III.— On the geological stroctnrs end relations of the BinigaoJ Coal-field, DengaL (W. T. 

Blanford). 
Memoiis TI.— The Bokaro Coal-field. (Th. W. H. Hnghes). 

„ „ l%e Bamgnrh Coal-field. (Hughes). 

Memoirs VII.— Snrhnrbari Coal-field. (Hnghes). 
Deoghnr Ccal-Md. (Hnghes). 
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It is quite possible and not mmatoral that the whole group may be divided strati- 
graphically and lithologically into the three sub-groups which have been proposed, m«.-~ 

B4nigaig and KAmthi group (upper DamAda). 
Iron stone shales (middle do. ). 

Barakar (lower do. ). 

But with reference to their palseontological relations, we must consider all these as 
belonging to the same age, for the whole of the fossil plants, taken together, exhibit a 
distinctly limited general character such as is found in a well defined group in Europe. One 
genus also occurs in the lower coal-strata of Australia, and consequently a corresponding 
age has been inferred for our coal-bearing rocks, but, I think, incorrectly, for the other 
plant remains from our Damn da formation which are so very characteristic are not 
found in Australia, and even the greater part of our species of Glo^sopteris, Brgt., are 
distinct from the Australian, and also in Australia the same genus occurs in the upper por- 
tion of the coal-strata without any fossil animals, but with mesozoic plants, and is most 
abundant at this horizon. I therefore consider that— 

a. — In Australia there may be fossil remains of animals which determine the age of 
the series, although a certain species of Glossopteris, Brgt, is found with 
them. 

6.— In India, on the other hand, as no fossil animab have been found, the age of the 
series must be determined by the other plants, notwithstanding the occurrence 
of Glossopteris, Brgt. 

I look upon the occurrence of Glossopteris, Brgt., in the Dam6da formation as offering 
a parallel case to the presence of Ptilophyllum, Morr., in the B4jmah41 and Kach groups : 
it is an interesting plant, but without direct influence in enabling us to determine the 
age of the beds. My conclusions are the following, that Glossopteris, Brgt., began to 
exist in the lower coal-strata of Australia, where it is said to be associated with 
fossil animals of carboniferous age, and continued in our Indian coed series, which, 
however, are characterised by some very well defined genera, which indicate another, and 
a mesozoic age as in the upper portion of the Australian strata and in Africa. A more 
exact determination of the age will result from the comparison of the fossil plants. 

It has been, and will perhaps yet be, endeavoured to show that the Indian Damtida 
series are of palsozoic age, but I do not see where is the proof, as the pakeontological 
results, the onlg possible proofs, indicate lower mesozoic, as wiU appear from the follow- 
ing facts : — 

a. — There is no other connection between the Indian rocks and the lower portion of 
• the coal-strata of Australia except the occurrence of Glossopteris, Brgt., in both ; it is, 
however, much more developed in India. 

b. — The chief evidence that no Taniopteris occurs in the Damiida (Oldham, 
Memoirs, II, p. 329, and some others), has been shown to be a mistake, as there are found 
in the upper portion distinct species of broad-leaved Taniopteris, Brgt., with mesozoic 
characters (MacrotaniopterisJ Schimp., as I wiU show more fully further on. 



Memoirs IX.- Geology of Nagp6r. (W. T. Blanford). 
Memoirs X.~S&tpara Ck>al-ba8in. (Medlicott). 
Memoirs XI.— Geology of Daijeeling. (Mallet j. 
Besidei these I will mention only— 

^KR^tcy^r.— Fossil plants flrom Nagpnr. Qnart. Joam., Geolog. Soc 1861, Vol. XVH, p. 326. 
A)y/«.— Illustrations of the Botany, &e., of the Himalayan Moouiaius. (Plants from Bordwan). 
ifc'CVe/Zajid.— Report of the Geological Survey in l&^iMU (DainuoUah plants). 
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r. — The Damfida Sphenophyllum (Trizygia) proves quite different in habit from those 
of the carboniferous period. 

d, — The discovery of Voltzia and Neuropteris with single pinnsB (triassic forms) in the 
Bar&kars is very important. 

e, — ^In the Bar4kar8 there are forms of a genus allied to Olossopteris {Oanffamop' 
i&ris from the upper portion of the Australian coal-strata), which is almost the only fossil 
found in the Tdlchirs; by it these latter are connected with the former. 

Having established these general views, I proceed to discuss the fossil plants, which 
afford additional evidence in favor of my opinions. I can, of cx>ar8e, only describe the most 
important fossils. A thorough discussion of all the plant remains will be given in the 
PaljBontologia Indica. 

A.—EQ UISETA CJSJS. 

These are very abundant, and one genus is especially important, as bringing the 
Damudas into relation with the Panchets, and showing that both belong to the same 
epoch as a European formation, in which the same genus is well known. This genus is — 

a, — ^ScHizoiTBiTXi., Sekitnp. & Mouff, 

This genus is especially abundant in the upper portion of the Damtidas. It is 
found of different sizes, and in various states of development, but everywhere there is only 
one kind of leaves (spathes), and everywhere they have the same characters. They are very 
near to those of Schizoneura paradoxa, Sehimp. & Moug., which they resemble in the 
mode of connection of the leaflets in two parts of the spathe. Only one specimen is 
known in which the separation of the leaflets is nearly complete, and this specimen closely 
resembles Schimper's figure, Pal. YdgiStale, PI. XIII, fig. 8. I have no doubt that this 
specimen belongs to the same species as the others. As I consider that the Schizoneura 
of the Pancbets is the same as that in the Damddas, I will use the same name for 
both— 

Sehisioneura Qondwanensis, Fstm. 
Diagnosis : 

Caule articulatOf striiUo, variMli altitudine ac latitudine ; foliis {foliolia) 12—22; 
plerumgue in duos partes vaginm coalitis ; nonnunquam etiam liberis, suberectis, Jhliolis 
in duos partes connexiSf folia ohlongO'Ovalia exhibeniihus; tuque ad 1^'S centm, longig, 
et media parte 2*5 centm, latis, 7 — 11 nervos continentibus. 

This diagnosis of this species is, of course, the same for the form from the Panchet 
group: the habit and the characters are identical in both, only the Panchet forms are 
in general a little smaller. 

As the only difference from the Yosges species S. paradaxa, Sehimp. and Moug., is in 
the number of the leaflets, I consider that the two forms are nearly allied, and I look upon 
our species also as Triassic (Bunter-Sandstein). The fossils described as Zeitgophyllites, 
Brgt., from India by Brongniart (Prodrome 121-176) and subsequently by Strzeecki (Phys. 
descr. of New South Wales, &c.) seem to belong also to Schizoneura^ as well as the fossil 
described by Mc'Clelland (1. c. PL XIY, fig. 4), as Zamia JBurdioanensis, Mc'Cl. ; there is, 
however, as far as I know the literature, nothing like Schizoneura anywhere mentioned as 
occurring in the lower coal-strata of Australia. 
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b, — Sphbkofhtllum, Brgt, 

In the Damiida formation, both in the upper portion and in the lower, some eqni se- 
taceous fossils occur, which were described by Royle as Trizygia speciosa, 1. c, p. 
431. There is no doubt that these fossils belong to the well known genus SphenophyUum, 
Brgt., and we find them described in Unger s 'Gen. et sp. plant, foss., p. 70, under the name 
of Sphenophyllum trizygia, XTng. Mc'Clelland (1. c, p. 64) described the same form as 
Sphenophyllum speciosum, Mc'Clell., and pointed out quite distinctly that there was no doubt 
about its being a real Sphenophyllum, Brgt. But whilst there is no doubt about the iden- 
tity of Sphenophyllum and Trizygia, I prefer Unger's name Sphenophyllum trizygia, as 
there is a constant character in the arrangement of the leaves in three pairs, each of two equal 
leaves, on one side of the articulation, the lowest pair of leaflets being the shortest, the middle 
longer, and the highest the longest. There are, therefore, never more than six leaflets, which 
do not form an entire whorl, but are arranged on one side. This arrangement is quite different 
from that found in all carboniferous forms, in which the leaflets are all nearly 
equal and form an entire whorl round the articulation ; besides this, the stem of the Indian 
Sphenophyllum is in all cases very thin in relation to the size of the leaves. There can 
be no doubt about the nature of this species, which must have been a water-plant^ expanding 
its leaflets at the surface of the water. 

This iS|pAtf»o;p^//tf«i is therefore different from all Carboniferous and Permian 
forms, and I adopt Unger's name Sphenophyllum trizygia, Ung. I have specimens At)m 
Burdw an (from the upper portion of the Damddas, R4niganj), and from Tsilchirnear 
Cuttack from the Bar&kars. I think there is only one species. 

Besides these two well marked fossils, various stalks with articulations, ribs and furrows, 
are common, and are generally known as Phyllotheca indica, Bunb. I must say I have 
seen the real Phyllotheca such as Zigno described from the Oolitic formation, and as 
are known from the upper portion of the coal-strata in Australia (Newcastle), but I am very 
much inclined to consider a great proportion of the stems found in India as stalks of Schizo" 
neura, Schimp. ; some others may be indeed internal casts of mesozoic species of Equisetum. 
In Australia there is in the upper portion of the coal-strata also a real Phyllotheca in 
Zigno's sense (Newcastle) ; the Phyllotheca in the lower portion may be Calamitee or 
Equisetum, 

The very doubtful form, called Vertehraria, 1 consider to consist of roots and rootlets 
(Rhizomes), most probably of some equisetaceous plants, in the same way as the 
genus Pinularia, Lindl. and H., in the carboniferous strata, consists also of rootlets, most 
likely of Asterophyllites, Brgt. 

Vertebraria abounds in the Damn das, and appears to be characteristic of them as a 
series, but it cannot be quoted for the determination of the age, for which only Schizoneura 
Oondwanensis, Fstm., can be used. As far as I can tell from the literature, and from what 
Iliave seen of Australian fossil plants, Vertebraria is also known only from the upper 
portion of the coal-strata, 

B—FILICES. 

In the same way as amongst the EquUetacea, the genus Sehizoneurat Schimp. and 
Motig., is the prevailing form, so also amongst the Filices one genus is especially prevalent. 
This genus, however, cannot be directly employed as evidence of the age of the Damiida ; 
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it is only bj its relations to other foniis^ that it can be nsed as collateral proof. It is only 
characteristic of the series. This genns is — 

9 

a.— Glossopteris, Srfft 

However interesting this genus may be, it has, I think, been the chief cause of the con- 
foaion of opinions about the age of the series in which it occurs^-I mean the confusion has 
been caused by the comparison of this genus with the same in Australia, where it is said 
to be found in pal so zoic rocks. From this evidence also our Indian Damtida groups 
in which Qlossopteru is very common have been taken for palieo zoic, without considering 
that Glossopteris has in this case been found apart from animal remains which indicate a 
palsBozoic age, but, on the contrary, only with plant remains, which are ail mesozoic 
(Triassic). 

I should consider it a great palieontological mistake if I were to take a series in which 
the majority of the plants are of mesozoic age, and identical or closely allied with well 
known mesozoic (Triassic) genera and species, to be of any other age than mesozoic, 
only because one genus is also found in it which is also known from a portion of the coal- 
strata in Australia. Nobody will class the Permian and Carboniferous as identical, although 
some species of plants or animals may occur in both. 

We should rather say, some species of Glossopteris are found in the supposed palaoo- 
zoic coal-strata of Australia, but the genus also occurs in great abundance in the lower 
mesozoic coal-strata of India.* 

It is only remarkable that, while in Australia there are both fossil animals and 
plants of lower carboniferous age, of which the latter belong for the most part to 
genera identical with those found in Europe, there should be in the upper carboniferous 
(without fossil animals) a sudden change in the flora and no true carboniferous plant found. 

But another locality is known for Glossopteris, Br^. ; this is in the Karoo beds 
of South Africa, described by Mr. Tate,t which series that author also puts in the Trias, 
and I think with justice. This would agree well with our series. Tate recognized in Africa 
the same forms which are most common here in India. ^ 



• See a similar opinion by Mr. Dawkins in the transactionB of the Manchester Geological Societj, Vol. XIV, 
Session 1875»7e, Part II, p. 28 : Age of the New South Wales coal-beds. The manner in which Mr. Dawkins 
expressed himself is qnite correct and natural, but I never before read anything about the association of the 
Olotaopterit in Australia with Lejridodendrom, Siffillariat CalamiUg, etc., these being only found below the lower marine 
beds. 

t Quart. Jonm. Oeolog. Soe., 1867, p. 140 ff. 

X I cannot discuss tliis sntiject ftirther here, and I think it sufficient to quote the following literature about 
OUmopUris: — 

Bro n^ tiart : Hlstoire desT^^tauz fossiles, 1818. 

Qopptrt: Systema filicum fossilinm, 1896. 

Me^Cog: On the fossil botany and zoology of the rocks associated with the coal of Australia. Annals 

of Natural History, Vol. XX, ser. 2. 
Bumburf : Fossil pUnts from N^&r. Quart. Joum. Vol. XVII. 
Me^CUUand: Report. 1848-40; Caleutta, 1860. 
DatM: Geology (United States Exploring Expedition), 1840. 
TaU: South AfHcan fossils. Quart. Joum., 1867 (Vol. XXIII K 
JfeCoy.* Prodromus of Palnont' of Victoria, II Decade. 
Sckimper: Traits de Palieontolog. T^^tale. 

W. B. Clarh§ : Remarks on the sedimentary formations of New South Wales, 1875. 

Also all the publications in our Memoirs which I quoted before should here be repeated, especially 
Mr. Oldham's paper on the probable age of the rocks in Bengal and Central India (Vol. II). 
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The best known species of Olossopierig, Brgt., is Gloaaopteris Broumiana, Bi^., of 
which Brono^niart distinguished two yarieties: (a), Indica,&nd {b)fAvstralasiaca,whichfhovr' 
ever, have been described by Schimper as two different species, and I think correctly. I may 
add that in India the only prevailing form is that with longer and pointed leaves and much 
narrower reticulation, Oiossopteris indica^ Schimp., while the generally smaller form with a 
more obtuse apex and wider reticulation, Gloss, Broumiana, Brgt., is much rarer in our strata, 
although it prevails in Australia, where it is the only species found in the lower portion with 
the marine fauna. 

I am now preparing a monograph of the genus Glossopteris, Brg^., and some allied 
genera, in which I will enter more fully into details, and it will be seen that the pointed 
leaves prevail in the Damuda, and also that of the figures of our Indian forms those in 
Bunbury's paper (1. c.) are the best, whilst those in Brongniart and Goppert are not very 
correct. 

Brongniart described one form as Glossopt. angustifolia from R&niganj; I have not 
found any specimen from India, but I have seen one from Australia, from the upper portion 
of the coal-strata. 

Besides these I have been able to distinguish a great many species, or at least varieties, 
also young fronds, etc. 

Near Nagptir several specimens have been found with fructification, with 1 — 4 rows of 
sforangia between the stalk and the margin, which, together with the reticulate nervation, tend 
to indicate a relationship between Glossopteris and some living species of Foly podium. On 
one specimen of the Australian Glossopteris^ Brgt., Mr. Carruthers seems to have observed 
a different fructification, consisting of linear sori along the veins, but nearer to the margin 
of the leaf. (See Carruthers in Daintree's paper on the Geology of Queensland. Quart. 
Jour., Geol. Soc, 1872). This would prove further the difference between our Glossopteris 
and the Australian species. 

The best known forms aie therefore^ 

1. Glossopteris indica, Schimp. — large pointed leaves, narrow reticulation. Sori 

in rows on the surface of the frond. — Prevailing in India. 

2. Glossopteris Browniana, Brgt., Schimp. — smaller obtuse leaves, wider reti- 

culation. Australian form ; the only species found in the lower strata. 

3. Glossopteris angustifolia, Brgt.— different in the nervation, known from the 

Damudas and the upper portion of the coal- strata in Australia. 

Other species will be shewn to exist afler the special examination of this genus. 

There are, besides these, several species described by Bunbury and McClelland, but 
Mc'Clelland's figures (1. c.) cannot be recognized, as they are not accurately drawn. I need 
only mention Glossopteris aeaulis, Mc'Clell., Tab. XIV, f. 3, 3a, which is not sufficiently 
well figured to be identified, and others are equally imperfect. 

The figures of Australian species of Glossopteris, Brgt., in Dana's Geology are also of no 
use for comparison, as the reticulation is incorrectly and irregularly represented. 

Glossopteris is the most common and characteristic fossil of the Damddas. It is 
found in all three sub-divisions and is the unfailing evidence of the occurrence of this 
formation. 
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Bunbiuy's Glossopterit musafolia seems from the drawing rather to belong to Taniop* 
teris, Brgt., although the author says that the veins anastomose near the stalk. This the 
figure, however, does not exhibit at all, and the same may be said of Glossopteris striata, 
Bunb., from Kdmthi. Tate's Dictyopteris simpletr, (!• c.) PL VI, fig. 6, is a Glossopteris 
of the same group to which some of our Indian species also belong. 

In one way Glossopteris, Brgt., may be considered evidence of a mesozoic age: if it 
is compared with other ferns with reticulated leaves, the most nearly allied is the Trias sic 
and RhsBtio Sagenopteris, Brgt., and some forms of Glossopteris are eYideutly related to this 
Triassic genus. 

b. Ganoamoptbbis, Mc*Coy. 

In the lower group of the Damtidas (Bar&kars) there occur some ferns resembling 
Glossopteris, which, however, on a closer examination, show different characters ; the most 
prominent of these is the want of the distinct midrib, which is found in the real Glossop- 
teris, Brgt. ; there are instead of it only three or four thicker veins starting from the base ; 
the other veins radiating from the base towards the margin. This is a character which we 
find partly in Cyclopteris, but while in the latter genus the veins between their point of 
origin and the margin are divided only dichotomously, in this form from the Barakars they 
are reticulated, as in Glossopteris, Brgt. We have therefore in these leaves — 

1. — ^Want of a distinct midrib. 

2. — A venation radiating from the base towards the margin, as in Cyclopteris, but yet 
reticulated, as in Glossopteris, 

3. — A rounder leaf than in Glossopteris, Similar forms have been described by 
Mc'Coy (Palseontol. of Victoria, Dec. II) from Australia as Gangamopteris, and I think 
I am not wrong in putting these forms from the Bardkar group in the same genus. 

The species I will call — 

Gangamopteris Cyclapteroides, Fstm. 

Ajb this species occurs also in the T&lchir group, where it is almost the only fossil, 
I will give a diagnosis and a fuller discussion when treating of that group. A similar 
form* is described by Mr. Tate from the Earoobeds( Triassic ) in South Africa as 
Cyclopteris Jenkinsiana, which, I think, also belongs to this genus. 

The occurrence of this genus in the B a r d k a r s is very important, not for the de< 
termination of the age, but because of the connexion it shows between the lower Damudas 
and the Tdlchirs. It thus unites the latter with the whole Damtida group. These 
forms have been lately found in the Barakars of the Kurhurbari coal basin. I have also 
one or two fragments from Eamthi which belong to the same species. 

c. Sagbnoftbbis, Brgt. 

If we take Glossopteris, Brgt., as a single-leaved genus, with a certain venation, some 
other forms with several leaves coming out from the same stalk and a different venation 
must be separated from this genus and placed with Sagenopieris, Brgt. This is especially 
the case with the Glossopteris acaulis, Mc'Clell. (Bep. XIV, fig. 3), which, however, 

. - -■- — ■ II---- -..— » 

• See Tat6 1. c. p. 146, Tab. VI, fig. 4. 
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is not correctly drawn in Mc'Clelland's Report. I have had the opportunity of seeing in oar 
collections the original specimen and another, and have had both drawn from nature. 
Thej exhibit a very different appearance from IdcClelland's figure : about eight leaves pass 
out from a common stalk ; the middle leaves seem to have been the longest ; the venation is 
peculiar and different from that of our forms of Olossopteris, Brgt. I have no doubt these 
specimens belong to Sagenopteris, Brgt. ; but the specific name is inappropriate, and should, 
I think, be changed. 

d. TjEKIoftebis, Brgt, 

The absence of TcBniopteris, Brgt., in the D am ti d a group has been urged as one of 
the principal distinctions between that group and the R4j m ah& 1, and a strong confirma- 
tion of the palaeozoic age of the former. This view, however, is no longer tenable, 
for Glogsopt^ris danaoides, Koyl., figured by Royle in his work ( 1. c. PL 2-9 ), is really 
a TiBJiiopteris, Brgt. The original specimen was from the Burdwan coal-formation, 
that is, from the Rdniganj coal-field. I have not seen the specimen, but I have no 
doubt about the fossil being Tesniopieris ; the venation proves it, as the veins are distinctly 
quite free at their base, and only dichotomous in their whole length. 

The specimen from the Burdwan ( Baniganj ) coal-field represented by Mc'Clelland 
in his Geological Report, PI. XV, figs. 13o, 16, under the name of Tteniopteris darueoides, 
Mc'Clelland, is of course also a true TcBniopteris, Brgt., and judging from the form of the 
frond and the distance between the veins, I am inclined to consider it the same as the species 
figured by Royle. In its broad leaves and distant venation this species presents a habit corre- 
sponding with that of triassic forms of the genus. There is another specimen in the collection 
of the Geological Survey from the D a m li d a formation ofBurgo in the R4jmahal 
hills which leads to the same conclusions as Royle's and Mc'Clelland's figures. Accidentally 
on the opposite side of this specimen are some fronds of Glossopteru, Brgt, thus proving 
the association of the two genera in the D a mu d a rocks. 

Lastly, I have seen a broad-leaved true TitewMi^^ffrw, Brgt., from K&mthi, with very- 
narrow veins, which resembles strongly Bunbury's Glossopteris mustefblia, except that 
the veins do not anastomose near their base (1. c. PL VIII, fig. 6), so that I will describe it 
under a different specific name. Besides this I think that Glossopteris stricta, Bunb. (1. c. PL 
IX, fig. 5) is also near to Tanioptefis, Brgt., and Sir C. Bunbury himself has figured a 
fragment of a TteniopterU (1. c. PL X, fig. 2) as Ttsniopterw danaoides (P) Mc'CL He 
may be right. It may therefore be stated without hesitation that together with Glossopteris, 
Brgt., there occur broad-leaved specif of Taniopteris, Brgt., with a mesozoic habitus, and 
that the latter afford additional evidence against the pakdozoio age of the DamiSda Flora. 

tf. NEtrBOFTBBis, Brgt. 

When Prof. Schimper described the fossil plants from the Vosges sandstone, he referred 
to the genus Neuropteris, Brgt., some forms which did not quite agree with the carboni- 
ferous species, although the nervature of the leaflets in these triassic forms is the same 
as in those from the carboniferous strata, the leaves of the former being, however, 
simply pinnat*. Not wishing U> establish a new genus, he divided the genus Neuropien'l 
into two principal groups, of which one, the carboniferous type, includes species with bi- 
or multi-pinnate fronds; the other or triassic type comprises the forms with simply 
pinnate fronds which are found in the Gres bigarre (Bunter.)* 



• See Schimper aud Mougeot, Monogr, des plaates fossiles du grka bigarrtf des Vosges, 1841. p. 76. 



PART 3.] Feistmaniel: Fossil Floras in India, 75 

On his Plates (1. c.) XXXVI &c. several species are figured, of which Neuropteris grandu 
folia (XXXVI, f. 1) is the lai^est. Prom the Enrhnrhari coal-field our Museum received 
some time since a splendid specimen of Uie shale accompanjingrthe coal seams. This speci- 
men exhibited three very important genera and species, some of them represented by several 
specimens. One I have already mentioned, Qangamopteris cyclopteroides, Fstm. ; another 
belongs to the genus now under discussion, Neuropteris, Brgt. 

When I saw the specimen, I at once recognized several fronds of a well developed fern 
with single pinnae, one being complete. At first I was astonished to see such a form ; 
but soon I saw another fossil on the same specimen, Voltzia, Brgt., which left me no longer 
in doubt about the simply pinnate leaves. From the nervature of the leaflets and from 
the singly pinnate nature of the whole frond, I was sure that the specimens represented a 
Neuropteris, belonging to the group found in the Gr^ bigarr^ by Schimper, or, in short, that 
the specimens represent a lower triassic (Buntsandstein) Neuropteris, Brgt. As no 
palsBozoic species of this character is known, I could not longer be in doubt about this, as the 
occurrence of the genus already mentioned {Sckizoneura, Schimp. and Moug., also a triaseie 
genus) and of Voltzia, Brgt., strongly supported my Tiews. The nearest ally of our specimen 
appears to be Neuropteris grandifolia, Schimp. and Moug., but the Indian fern differs in the 
following particulars .*— 

a. — The leaflets in our specimen are wider apart. 

b. — They begin, it is true, with entire or only slightly lobate leaflets, but the upper 
leaflets become larger and deeply lobate or pinnatifid. 

The strong stalk both forms have in common. Our plant seems still larger than that 
figured by Schimper. The simply pinnate character is well seen, the lowest leaflets are 
nearly entire and small, the middle are the largest and nearly pinnatifid, and the uppermost 
again like the lower. I will call this fern — 

Neuropteris valida, Fstm. 

Fronde simplici (pinnata), rhackide valida, striata; pinnulis imis minimis, ohlongis, 
toiafere basi adnatis, margine sinuosis, mediis magnis, lobatis aut pinnatis, media parte 
basis pedicello latiusculo brevi adnatis, summis imos adaequantihus ; nervis creberrimis, 
nervo primario basilari, vix distincto, secundariis e basi radiatim ascendentibus, dichoto- 
mis. 

Further description and discussion may be reserved until I can figure this very in- 
teresting species, which affords a strong evidence of the triassic age of the Damuda, and, 
as it happens, of the lower portion (Barakars), 

/.— AcTiNOPTEBis, Schenk, 

I had already occasion, when discussing the Xach fossil flora, to mention this peculiar 
fossil plant, which formerly was united with Cyclopieris, Brgt., Professor Goppert having 
described the only known species as Cyclopteris peltata, Gopp. On account of its relation 
with some living ferns, Schenk called it Actinopteris peltata, and showed that the horizon 
at which it was found was Bhse tic. I found similar forms amongst the Each fossil plants. 
Schimper, however, had some doubts about the nature of these fossils, and was disposed to 
consider them merely infiltrations of hydrated peroxide of iron. From the R&niganj coal- 
field we have a very well preserved specimen of a real fern, which I cannot refer to any 
other genus than Actinopteris. 
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I call this species — 

Actinopteris Bengalensw, Fstm. 

Fronde orbiculariter ovata, peltata, ex foUolis singulis, segmenta formantibus com* 
posita; foliolU e media parte radiantibus, dichotome partitis, marginem versus latioribus, 
apice rotundatis ; loco insertionis petioli medio. 

The whole frond is rather large, circularly ovate in outline, and the leaflets radiate 
towards the margin from the insertion of the stalk ; they are very well marked hy a thin layer 
of coal, and are dichotomous in the same way as in Actinopteris radiata, Link. Not a 
moment's douht can exist as to this specimen heing a fern. 

It seems to me different from those from Khaetic strata, hut is another proof of the me- 
so zoic character of our flora. From the upper coal measures in Australia there is men- 
tioned also ** a peculiar peltate leaf," which may, perhaps, he also an Actinopteris, Schenk. 
(See Mines and Mineral Statistics of New South Wales, hy' John Lucas, etc., 1875, p. 129.) 

Besides the ferns already mentioned, some other forms occur, which, however, need not 
he noticed here, as they are not of any greater importance than those I have already described. 
I may, however, add that Pecopteris Lindlegana., Royle, which has been noticed in relation 
with Pecopteris australis, Morr. (from Tasmania), belongs undoubtedly to the group of Ale' 
thopteris TFA^^^^^nm, Gopp, which seems to include only mesozoic forms; still :inother 
Pecopteris {Alethopteris, Gopp.) b not uncommon, but this also exhibits a mesozoic habitus. 
Amongst the ferns we have therefore to note especially the following species : — 

Glossopteris indica, Schimp., for the series. 

Gangamopteris cgclopteroides, Fstm., for the relation of the Dam u das with 
theT41chirs. 

Taniopteris daiuBoides, Mc'Clell. (Boyle), and the other broad-leaved species of 

Tcmiopteris from K4mthi for the mesozoic age of the Damiidas. 
Neuropteris valida, Fstm., for the triassic (Buntsandstein) age of the 
Damudas. 

Actinopteris Bengalensis, Fstm., mesozoic form. 

• a-'CONIFERJS. 

Conifene are very rare in the Damddas, but a very important genus has lately been 
found in tbe Kurhurbari coal-fields. 

a.— VOLTZIA. 

This genus is peculiar and limited to the middle and lower Trias as Schimper states.* 
Brongniart, the founder of this genus, was very well acquainted with it, and described four 
species, all from the Gres bigarrd. 

On the lai^e specimen from Kurhurb4ri, which I mentioned before when describing 
Neuropteris valida, Fstm., there are some branches of a coniferous plant, which, judging by 



* See Schimper : Palsontologie v^Sg^tale, II, p. 240. 
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tbe form of the leaves, can only belong to the gen as Voltzia, Brgt. Our specimen agrees best 
with the following : — 

Voltzia acutifolia Brgt, 

1838. BronfjrniArt : Prodromns, pp. 108, 190. 

1844 Schimperet Mon^ot : Monocrraphle, etc., p. 29, Tab. XV. 

1871-72. Sohimper : PalnoDtologie vtfg^t, p. 241, Vol. II. 

When I compare our species with F". obcutifolia, Brgt., I must also add that the leaves, 
especially towards the end of the branches, are a little longer and broader. Voltz, acutifolia, 
Brgt., is, with Voltz, heterophylla, Brgt., most characteristic of the Gr^s Bigarr^. 

Besides this distinct Voltzia there is also a branch, with much longer and broader leaves, 
which I cannot identify with any known Voltzia^ but rather with Albertia speeiosa, 
Schimp. (see Schimper and Mougeot, 1. c. PI. V, f. B), which is also a well known species 
characteristio of Lower Trias. 

This is all that need now be said about the Con\fer<B, • 

The above are the most important plant remains from the Da mud as, so far as they 
have hitherto been determined, and no further discussion is necessary in this paper, as 
sufficient evidence has been brought forward for the determination of the age. 



From the previous discussions I have been led to the following results : — 

a. — Schizoneura is represented by the same species (5rAtzo»eMra Gondwanensis, Fstm.), 
in the Fauchet group and in the Damudas, especially in- the Upper Damudas, or 
R4niganj, proving that both belong to the same general epoch. 

b. — The occurrence of Glossopteris, Brgt., in all the three sub-divisions of the 
Damudas, besides the occurrence of triassic species (of the age of the Gres bigaiT^) 
in both the Upper and Lower Damudas, proves that all three sub-divisions belong 
to the same age. 

c. — The species Oangamopteris cyclopteroides, Fstm., which occurs in the Lower 
Damudas (Barakars of the Kurhurbari coal-field), and which is the prevailing fossil 
again in the Talchirs, brings the latter into relation with the former, as I shall show 
presently. 

d, — There is no difficulty in determining the age of the Damudas. We have to 
regard only the most important fossils, viz. : — 

• 

Schizoneura Gimdwanensis^ Fstm. (a triassic form) ; 
Sagenopteris {acaulig?) Mesozoic. 
Neuropteris valida, Fstm. (a triassic form) ; 
Actinopteris Bengalensis, Fstm., Mesozoic. 
Voltzia acutifolia J Brgt. (Gr^s bigarr^) ; 
and perhaps Albertia speciosa, Schimp. (Gr^s bigarr^). 

All these are closely allied, and some are identical with species which hitherto are 
known only from lower triassic; no form is palaeozoic, except Spkenophyllum, Brgt., 
which, however, shows very different characters from those of species from palscozoic rocks, 
therefore, considering all that I have said and determined, we are obliged, following the 
generally adopted palaeontological laws, to consider our Damuda formation as of lower 
triassic age. Considering the relations of the Damuda beds and the coal-strata in 
Australia, only the upper portion of the latter present some analogy with these Damiidii 
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beds. In this npper portion (upper coal measures) of Australia we find fossil plants, 
mostly of mesozoic type, e. g., Phylloiheca australis, Phyll. Hookeri (in the New- 
castle coal-field, belonging to the real Phyllotheca type), Vertebraria (Damdda iyj^e), 
GlosaopUris (some of them related with our Indian foims), Taniopteris, broad with narrow- 
veins, {MctcrotaniopteriSf Schimp.), Thintifeldict-hke ferns, Pecopteru odontopteroides, 
Morr., a peculiar peltate leaf (which may possibly be Actinopteris, Schimp.), seed vessels of 
Confers (these may, perhaps, be allied to Araucarites Phillipsi, Carr., or Araucar. 
KachentiSf Fstm. P), and others, without any marine fauna. The lower portion of these 
Australian coal-strata presents no analogy with our Damtidas, as the latter contain none of 
the marine animal fossils so frequent in the lower coal-mesaures of Australia. 

y.— Fossil Flora of thb Talchibs. 

This is the poorest flora of all. Only a few fronds have been found, and but one or two 
localities are known at which fossils occur. These fossils were mentioned by Mr. Oldham* 
as "a large CyclopterisAWiB leaf;" Mr. W. T. Blanford had previously recognized 
the nature of this fossil, and in his paper on the Biniganj coal-field, Mem., Vol. Ill, 
p. 38, writing about the fossils from the Tdlchir e^roup, he said, "the best marked was 
a form intermediate between Glossopteris and Cyclopteris" 

I noticed above similar fronds amongst the Damdda fossils from the Bar&kars. 
I pointed out that there are leaves with a radiating distribution of the veins, as in 
Cyclopteris, Brgt., but the veins are reticulated, as in Glossopteris, Brgt., and I referred 
them to the new genus Oangamopteris, Mc'Coy. I also said that these specimens from the 
Barakars are identical with those found in the T&lchirs : the species I called— 

I. — QangamopterU eyclopteroidea, Fstm. 
Diagnosis : 

Fronde oblongo-ovali, subobliqua, integerrima ; rhacKide nulla ; nervis omnibut e ban 
radiantibus veluti in Cydopteride, retia formantibus (Glossopteridis similibus), mediis ima 
parte distinctisHmi*. 

This diagnosis serves for the species both from theBar&kars and Talchirs. 

By itself this species does not prove much; but its occurrence both in the Damtidas 
and Tdlchirs makes it at least very probable that these two groups are very near in age, 
and I, for my part, look upon the T&lchirs as a lower group of the whole Damudaformation, 
or, in other words, as a lower horizon of the lower triassic age. 

Compared with the Australian species of Gangamopieris, our species is most nearly 
related to Gangamopteris obliqua, Mc'Coy .f 

I have thus given a short outline of the most important fossils from the lower groups 
of the Gondwana Series, from the Panchets, the Damtidas, and the Talchirs, and 
the following general results may be deduced : — 

a. — From the relations of the fossil plants of these three groups, it follows that they 
all belong to one epoch, the triassic. 



* Mem. II, p. S95. 

t ProdromuB of the Pftlsontology of VictorlB, Decide II, PI. XII, figs. S, S, 4. 
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^ *.— The Panchet group has Sehizoneura Oondtoanetuis, Fstm., common with the 
Damudag, and whilst the other two species of the Panchets, Pecopteris concinna, 
Presl, and Cyclopteris pachyrhachU, Gdpp., would indicate a Rhsatic aj?e, Schizoneura 
Chmdwanensis^ Fstm., tends to give them an older aspect, so that I class them as Kenper. 

*?.— The Damddas have yielded important fossil plants of lower triassic age 
(Buntsandstein). I therefore refer all the three sub-divisions to this age, as the same 
fossil plants, and especially the same species of Glossopteris, Brgt., are found in all three. 

<^,— The T41chirs contain a fossil plant, which has been found also in the Bardkars, 
tiz,, Oanffamopieris cyclopteroidw, Fstm., so that I do not hesitate to consider the Tdlchirs 
as the lower continuation of the Damudag, 

We have derived, therefore, from the plants the following scheme i~^ 



MiddU. 


Xoioer. 


Each. 
Jabalpdr. 


llijmahdl. 

Golapili (near Ellore). 

Sripermatdr (Madras). 




II.- Tbiassic. 


Upper (Keuper). 
Panchet group* 


Lower (Buntsandstein). 
Damudas— 




Upper (K&mthi, R4niganj)» 
Middle (Iron shales). 
Lower (Bar&kar). 
Talchirs. 



KotH ok TfiE dBOLOdlCAL AOB OF CSRTAIN OBOtTPS COHFBISED IN THE GtOVDwi^A SBBIRd 

OF India, and on thb byidbncb thbt affobd of, distinct Zoological and Bota- 
nical Tebbbstbial Rboions in ancibnt bfochs. By W. T. Blanfobd, a. b. s. h*, 
F. B. 8., &c., Geological Survey of India. 

In the preceding paper and in that published in the last number of the Records [ante 
pp. 28—42), Dr. Felstmantel has stated at length the conclusions as to the age of the 
4i£Eerent members of the great plant-bearing or Gondw&na Series of India, to which a care- 
ful and exhaustive stady of the fossil flora has guided him. How urgently a careful study 
of the plants was needed it is unnecessary to point out, and the results to Indian 
Geology must be most important. Guided by the abundance of particular forms, Indian 
Geologists had hitherto not unreasonably supposed that the Eacbh (Cntch) plant-bearing 
beds were of the same age as those of B4jmeh&l, Trichinopoly, &c., for in all these localities 
the commonest species are two forms of Ptilophyllum (Palaozamia), In the same 
manner no doubt had ever arisen as to the identity of the Damuda flora with that of the 
Australian coal rocks, for the common types in both are species of Glossopteris and 
Vertebraria, which have hitherto always been supposed to be identical, whilst other forms of 
Eqvbisetaeem and ferns from both countries are closely allied. Whether we finally accept 
Dr. Feistmantel's conclusions, or not, it is impossible to conceive any researches likely to 
afford a greater service to Indian Geology than the accurate determination of the homotaxie 
of our different fossil floras. 
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At ihe some time it will, I think, be adTisable to hesitate before aooepting as proved 
the age assigned to the different formations on palsobotanical groonds. Dr. Feistmantel 
has already noticed (ante p. 34) the palssontological contradiction, as he yery justly terms 
it, between the evidence derived from the animal remains in Kachh (Cutoh) and that offered 
by the fossil plants. This contradiction is, however, mnch greater than would be supposed 
from Dr. Feistmanters remark. The matter is so important in its bearing on the relations 
of Indian rocks that it will be well briefly to recapitulate the history of the examination 
of the Kaohh beds by the Survey. 

From a very cursory examination which I made in 1863 off a small portion of the pro- 
vince,* I was led to believe that the plant-bearing beds in Kachh, as a whole, refit upon the 
series of rocks with marine fossils of jursssio age, but that in some cases marine beds are 
intercalated with the upper plant-bearing group, and I pointed out that if they are not inter- 
stratified, certain fossiliferous bands in the Ch&rwar range south of Bhooj must have been 
brought up by a fault. Messrs. Wynne and Fedden surveyed Kachh in 1867-6S-69,t the 
Jurassic rocks being chiefly examined by Mr. Wynne, who found that a fault really exists, 
bringing up the rocks of the Ch4rwar range ; consequently the principal grounds on which 
my belief in the interstratification of the marine and plant-bearing strata were founded 
proved untenable. Some information I had received as to the occurrence of marine foseils 
near Bhooj| appears also to have been incorrect. At the same time, the conclusion at which 
I had arrived, that both marine and fresh-water beds belong to one series, and that the two 
pass into each other, was entirely confirmed by Mr. Wynne. He also found in some places 
unquestionable intercalation of the plant-beds with strata containing marine fo8Bils.§ 

The Cephalopoda collected by Messrs. Wynne and Fedden were examined by Dr. 
Waagen,|| who found that those from different localities showed the existence of several 
distinct groups of Jurassic strata, ranging from Lower Oolite (Batbonian) to Uppermost 
Oolite (Portlandian and Tithonian). Dr. Stoliczka went to Kachh in 1872, and spent several 
months in examining the rocks. He ascertained that four separate groups of Jurassic beds, 
distinguished by well-marked mineralogical and palnontological characters, can be teK^ 
throughout the area occupied by the rocks of Oolitic age. These groups he called — 

» ^^ 

1. UiciA (Oomia)^ Tithonian and Portlandian. 

2. Katbol -4 Kimmeridge and Upper Oxford. 

3. CHABf (Charee) Lower Oxford and Kelloway (Gallovian). 

4. Pachaic (Patchum) ... ... Bath Oolite. 

Dr. Stoliczka's names were adopted in Dr. Waagen's account of the Jurassic Cephalopoda 
of Kachh,^ and the groups referred to the abovementioned European sub-divisions of the 
jurassio series. 

No account of Dr. Stoliczka's work in Kachh has ever been published. Shortly after 
returning he left with the mission for Turkestan, and he died on the return journey. The 
note books used by him in Kachh are amongst the survey records ; they contain a very full 
account of his exploration of the province, and after reading them through, I think there 



* Mem. Oeol. Suit., India, YI, p. 17. 
t Hem. Oeol. Snrr., India, IX, pp. 1—188. 
t Mem. GeoL Soit.» India, YI, p. II. 
§ 1. e., pp. 61, SIO, 313, 216, 21& 
II Bee., Oeol. Snrv., India, I Y, p. 88. 
^ Pal. Tndica, 8er. IX, Introduction. 
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can ba no question of the oonclnsions at which he arrived regarding the relations of the 
plani-bearing beds to the marine strata. His views were precise]^ the same as Mr. 
Wynne's and my own ; he determined that the plant-beds form the highest member of the 
jarassic series, tiiat they pass down into the beds with marine fossils of the Umia gronp, 
and that in some places bands of these marine fossils, espedally Trigonia Smeei and a 
ZW^ofiur, closely allied to the oretaceons T, tubenmlifera* of Southern India, are interca- 
lated in the plant-bearing group. He consequently classed both the plant-bearing beds and 
the Umia marine beds in one group. Moreover, he found in one place, resting upon the 
plant-beds, a band containing cretaceous cephalopoda of Upper Neocomian (Aptian) age.f 
It is difficult to ascertain from Dr. Stoliczka's field notes whether he considered these 
cretaceous rocks conformable to the Umia beds, or not, but he certainly on his return spoke of 
this Umia group as of Wealden age. 

I may add at once that of the localities mentioned by Dr. Feistmantel, viz,, Eukurbit, 
Trombow, Bhoojooree, Doodaee, Loharia, and Goonaree,^ all, except the last named, are in the 
beds forming the upper part of the Umia group, and there is no important difEerence in 
the horizon. Goonaree is rather lower in position according to Dr. Stoliczka's map, being 
in the lower portion of the Umia group and associated with the marine beds, but not one 
of the localities is below all the beds with upper oolitic fossils. From Nurha,§ the only 
locality in Kachh belonging to the Eatrol group at whicli remains of plants have been obtained, 
the specimens, which have just been found, appear to belong to species found also in the Umia 
group. 

It is important to insist upon these facts in order to prevent mistakes. It should be 
distinctly understood that the rocks in Kachh fCvteh) with a lower oolitic flora, and 
containing several species qf plants identical with those found in the Lower Oolites of 
Yorkshire, rest upon marine strata containing Portland and Tithonian Cephalopoda, and 
are capped by hede with Upper Neocomian (Aptian) Ammonites; that occasionally the 
marine strata with upper oolitic fossils are interstratified with the plant-beds; and that 
the geological position of the Kachh plant-beds has been determined by careful and repeated 
examination by three different geologists, all of whom agree in their conclusions. 

I do not see any probability of error in the determinations of the marine fossils. Dr. 
Wasgen, whose knowledge of Jurassic Cephalopoda is probably equal to that of any Palaeon- 
tologist living, insists particularly on the remarkable parallelism of the different groups 
which make up the Jurassic series in Europe &nd India. The remainder of the fauna 
has not received the same careful examination and comparison as the Cephalopoda, but 
I believe I am justified in saying tiiat both Dr. Stoliczka and Dr. Waagen considered that 
the evidence afforded by it coincided with that furnished by the Cephalopodous Mollusca. 
Dr. Waagen especially statesjl that in the Umia beds of nine species of Cephalopoda, 



• Pal. Indies, Ser. YC, 3, p. 816, PI. XV, figs. 10-12. 
t Pal. Indica, Ser. IX, p. 846. 

X It may be nseftd to point oat where these places are ; they are small villages not marked on most maps, 
and not easy to identify — 

Gooneri (Goonaree of map) is In north-western Kachh (Catch), aboat six miles east soath-east of Lakput. 

Thrombow, six miles north-east of Bhoq). 

Kukarbit, twenty miles west by a little north of BhooiJ. 

Bhoojooree, five miles east-soath-east of BhoqJ. 

Doodaee, aboat thirty miles east of Bhooj. 

Loharia, seventeen miles soath-east of BhooJ, and sonth of the Katrol range. 

The spelling is that of the map in the Memoirs, Vol. IX. 

§ Hem. Oeol. Snrr., India, IX, p. 213. 

)1 Pal. Ind., Ser. IX, Vol. I. Kachh Cephalopoda, pp. 226 and 233. 
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four are identical with European forms found either in the Tithonian beds of Southera 
Europe, or the Por^and Oolite of England and France, and he adds that this proportion of 
forms common to the two regions will increase greatly when the other classes of mollnsca 
are described, * as many of the PeUcypoda of this bed seem to be identical with species from 
the Portland stone/ and elsewhere he especially mentions the abundance of TrigonuB of the 
type of T, gibbosa. 

This is not written with a view of impugning Dr. Feistmantel's conclusions. These will 
be given to the public in full in the * Paleeontologia Indica/ and I have no doubt are as accurate 
and trastworthy as Dr. Waagen's. But it is important to call attention to the exact terms 
of the contradiction between the marine and terrestrial forms of the Eachh Oolites, because 
it shows that one or the other is misleading when applied to the determination of geolc^cal 
age. As the marine fossils are much more numerous, and probably aiSbrd a much less im- 
perfect representation of the life of the period, as they occur in a larger sequence of rocka 
and have attracted much more attention, and as they are preserved in a manner which, I 
believe, it is generally considered, enables their affinities to be determined with greater 
accuracy, it will, I think, be admitted by most palceontologists that we must accept the con- 
clusions derived from them. The deduction is inevitable, that the comparison of the remains 
of plants leads in this case to results, as regards geological age, which are not accurate, and 
that other identifications on similar data must be received with great caution. 

It necessarily follows that although the homotaxis of the Rajmehal flora be liassio, 
and that of the Panchets and Damudas triassic, we can only accept this homotaxis as an 
approximation to the actual geological age of the formations. 

Between the Upper 6ondw4na rocks to which the Rajmeh&U and Jabalpiirs belong, 
and the Lower Gondw4na series comprising the Panchets, Damudas, and Talchirs, there is a 
great break in the forms of life. Cycads abound in the former, but have not hitherto been 
found in the latter, whilst the lower seiies is characterized by the abundance of equisetaceons 
plants. The only genera known to be common to the two, are ferns of considerable range in 
time. It follows as a matter of course that no arguments as to the age of the Lower 
Gondwana rocks can be drawn from the upper part of the series. 

The evidence which Dr. Feistmantel has shown to exist in favour of ascribing a Triassic 
age to the Panchets, Damudas, and Talchirs is undoubtedly of great importance ; but I feel 
some doubts as to whether it is conclusive, and although it is with great hesitation that 
I venture to express a difPerent opinion on a subject on which Dr. Feistmantel's knowled^ 
of palsBobotany enables him to form a more accurate opinion than I can offer, I still think 
that if the evidence of plants alone be employed to determine the age of the Indian rocks, 
the relations between the Indian and Australian coal-measures must be taken into consi* 
deration in estimating the homotaxis of the Indian formations.* 

It is also only fair to point out that the main arguments for the triassic age of the 
Damudas are derived from the occurrence of three plants which were only discovered this 
year. Even admitting, for the sake of argument, that the evidence at present justifies 
the reference of the Damuda beds to the Trias, it by no means follows that the flora known 
sixteen years, or even two years ago, was sufficient to warrant the same conclusion, and 
I believe Dr. Oldham was quite right in 1860,t and that my brother, Mr. H. F. filanford, 
was equally justified^ in 1874, in assigning a palseozoic age to the Damuda formation on the 
evidence of the plant remains alone. The Panchet beds have always, since they were first 
defined, been considered as probably Triassic. 

* I>r. FeiBtmantera argument, that becanae the marine forms which determine the age of the Aoatralian rocks 
are absent in India, the eridence of the plant remains becomes ol less valoe, is qaite true, but it is just as applicable 
to the Damtida plants common to the trias of Europe as to those found also in Australia. 

t Hem. GeoU Burr, of India, II, p. 383, Ac. 

X Quart. Journ. GeoU Soc^ 1875, pp. 528, 634, &c. 
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Of course the first and most important question is, whether the age of the Australian 
coal-measures is definitely settled. It is not surprising that the evidence shonld he received 
with some distrust when it is found that ever since they were first described, one group of 
observers, headed by Professor McCoy, has persistently declared that the coal-beds are of 
jarassic age, whilst another group, comprising especially the Bev. Mr. Clarke, Professor 
Jukes, and Mr. Daintree, have contended that they are palaeozoic. But there is an important 
difference between the two classes. The geologists have all examined the rocks in situ, and 
have ascertained that the plant-bearing beds are interstratified with marine bands containing 
Brachiopoda and other fossils admitted to be of carboniferous age by all palseontologists. 
Of the palieo-hotanists, McCoy, Morris, deZigno, Carruthers, Schimper, and others, who have 
contended for the Jurassic age of the Australian rocks, not one has ever examined the beds, 
and their opinions cannot consequently be of any weight, as opposed to the views of the 
geologists. Mr. Clarke has published two sections of coal-pits,* in which coal-seams and 
shales with Glossopteris, Phyllotheea, and Noeggerathia (? Srkizoneura) are shown to have 
been reached after passing through beds containing Spirtfer, Fenestella, Conularia, Ortho' 
ceras, and other fossils of admitted carboniferous age. Mr. Daintree also has published a 
sectiont showing beds with Productus and Spirifer resting upon coal-seams with Glossop" 
leris. Unless the paheo-botanists can prove that Clarke's and Daiutree's sections are 
incorrect, the question must be decided against the mesozoic age of the Glossopteris beds. 

The succession of formations in the coal-fields of New South Wales is said to be the 
following J: — 

I: nl^uShnnM^ -} No GIoMopten. mentioned in the lirta of fo«iU. 

3. Upper coal-seams of Newcastle with Olwt^terUf Verlebraria^ Ac. 

A. Lower coal-seams of Newcastle with QlMwpteriM^ PkylLotheca, IfoeggeraAia, (T SchiMontwm) 

kc With these and above the plant-bearing' beds are bands with marine carboiiiferoiui 

fossils. 
6. Marine carboniferous rocks. 
6. Lower carboniferous or Devonian beds with Lepidodondron noikum, Unger, Ac. 

The Wianamatta and Hawkesbury beds, so far as is known, contain no plants common to 
any of the Indian rocks. They ara now classed as older mesozoic. lliey are said to be 
connected with the beds beneath them. No. 3, by the presence of a plant, Pecopteris odon- 
iopteroideSf Morris, in abundance in both, just as the Panuhets in India are connected with 
the upper sub-division of the Damudas by the occui*rence in both of the same species of 
Schizoneura, In the same manner the floras of Nos. 3 and 4 appear to be connected by the 
presence of Glossopteris Broioniana in both, although, from specimens which Dr. Feist- 
mantel has showed to me, there appears to be a considerable distinction in the flora. Until 
the Australian plant remains are subjected to a thorough revision, it will, perhaps, be unwise 
to consider too much as proved ; but so far as the evidence goes, it appears that all the Aus- 
tralian plant-beating rocks of Australia are connected by species of plants passing in each case 
from one to the other, precisely as Dr. Feistmantel has shown to be the case with the rocks of 
the lower Gondwana series in India, and if on the strength of the evidence we are justified 
in assigning the Panchets, Damudas, and Tilchirs to the Trias, because the two former 
contain triassic plants, and the Tdlchirs contain one plant, also found in the lower *Damudas, 



* Transactions, Royal Society of Victoria, Vol. VI, 1861, and Remarks on the Sedimentary Formations of New 
Sonth Wales, Srd edition, 1876, p. 61 ; see also Quart. Joura. Geol. 8oc, XVK, 1861, p. 364. 

t Quart. Jonm. Geol. Soc, XXVIII, 1872, p. 286. 

X Quart. Joum. Geol. Soc., XVII, 1861, pp. 358, 360; XXVIII, 1872, pp. 283, S86, 366, Ac. Clarke, Sedimentary 
Formations of New South Wales, pp. 16, ^. 
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we should equally be obliged to relegate the whole of the Australian coal-measures below the 
Hawkesbuiy group to the Carboniferous, because they contain at least one species of plant 
throughout, and their lower sub-division is interstratified with beds containing marine 
carboniferous fossils. 

With one or the other of these Australian coal-beds, No. 3 or No. 4 of the preceding 
section, the following plants of the Damdda groups are common :— 

GlossopterU, two or three species identical. 

GangamopterU* (the genus only). 

Vertebraria, one species identical. 

Peeopteris (AletkopterU), one species probably identical. 

Sckizoneura (ZeugophyllitesJ 

We have thus five genera and four or five species common, without counting the 
Squisetacea (Phyllotheca, &c.), which appear somewhat doubtful. With the triassic rocks 
of Europe, Dr. Feistmantel has shown that the following Damuda forms are common :— 

Voltzia, one species identical, 

Albertia ? ditto P 

Adinopteris, the genus only, the species shewing affinity, 

SagenopterU, ditto, ditto, 

NeuropteriSt ditto, ditto, 

Schizoneura, ditto, ditto, 

or six genera and one or, perhaps, two species. It is quite true, as Dr. Feistmantel has 
shown, that Pecopterit (Alethopteris) Lindleyana of the Damtidas has nearly as close 
affinities to certain Jurassic forms in Europe as to P. Australia ; but, on the other hand, 
an equisetaceous plant occurring near N&gpurt was described by Sir 0. Bunbury under the 
name of Phgllotheea Indica from a good series of specimens, and considered closely 
allied to some Australian forms. 

On the whole, it appears to be a reasonable conclusion that the evidence which connects 
the Damdda formation with the Australian carboniferous rocks is about equal to that which 
tends to show their relations with the Trias of Europe, the only distinction of importance 
being that the evidence of connection with the Australian beds is so abundant, and the 
plants which are common to the Trias are (with the exception of Schizoneura) so rare, 
that the latter have hitherto been overlooked. 

The evidence afforded by the few animal remains hitherto procured from the Gondwana 
series is nearly as confusing as that of the plants. From the Eota and Maleri beds 
now shown^ to be identical, and to belong to the Upper Gondw4na series, we hav^e 
Ceratodus^ which in Europe is Triassic or Liassio, but which has been found 
living in Australia; Hyperodapedon, Triassic in Europe, but allied to the living 
New Zealand genus Hatteria ; and certain early roesozoic forms of Crocodilia, together 
with fish (Lepidotun and Echmodus) with liassic affinities, uxk^stheria, which is insufficient 



• The specimens described by McCoy (Prod. Paleont. Victoria, Decade II, Pis. XII & XIII) are said by tlieir 
describer to be from the upper coal-bearing strata of Victoria, the position of wliich is oncertain, bat Dr. 
Feistroaotel tias detected one species in the beds from beneath the carboniferous marine beds of Newcastle, 
N. a Wales. 

t Quar. Joum. Geol. Soc, XVII, p. 336. 

X See the following paper by Mr. Hughes. 
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for the determination of age. In the Panchet group of the Lower Grondw&na series we 
have Dict/nodon showing an affinity for South African strata, other reptiles from which have 
just heen shown1)y Professor Owen* to he allied to Permian forms found in Russia. The 
other known Panchet Vertehrata are Lahyrinthodonis and a Thecodont Saurian, which, 
according to Professor Huzlej, might he either lower mesozoic or upper palsBOzoic. Besides 
these there are the ubiquitous Estherue, From the Damuda formation (including the Kamthi 
of Mangali) one Lahyrinthodont (JBrachyops laticeps) has heen described, the affinities of 
which appear to be uncertain, an ArchegosaumSf hitherto only imperfectly examined, and 
JEstheria, The whole evidence, so far as it goes, both of animals and plants, tends to connect 
the whole of the Gondw4na series with formations ranging from the Upper Palaeozoic to the 
Lower Jorassic. 

It must be remembered that the affinities between the plants of the Australian coal- 
bearing rocks and those of the Jurassic beds of Europe are unmistakeable. They have been 
pointed out by all palno-botanists, and they extend to some of the plants in the beds 
interstratified with the carboniferous marine strata. 

It would have been useless to recapitulate all these facts, most of which are well known, 
and none of which are new, did they not lead to a conclusion which appears to me of the highest 
importance with reference to the ancient distribution of animals and plants. 

In the present distribution of the animal kingdom, there is maoh greater uniformity 
throughout the globe in the marine than there is in the terrestrial fauna. The former 
varies chiefly with the depth beneath the sea, and, amongst the shallow water and 
coast forms, with climate. A coUection of Mollusca or Echinodermata (and these are our 
principal guides in palseontological classification) from the Atlantic, the Pacific, and the 
Indian Oceans, all taken within the tropics, would afford but few examples of generic dis- 
tinction. A collection of terrestrial vertehrata or invertehrata from Tropical America, North- 
em Australia, Malacca and Africa, would differ from each other, not merely in genera, but, 
in many instances, in families. The plants from these different tropical lands would also 
exhibit marked generic distinctions, and whilst many of the American plants would show 
affinities with the miocene forms found in Europe, numerous representatives ivould be 
found, amongst Australian animals and plants, of forms which, in Europe, were typical of 
mesozoic strata.f 

In the evidence now recapitulated, that the plants which existed in Australia, whilst 
carboniferous forms inhabited the seas, were allied to species and genera of the Jurassic flora of 
Europe, that some of these same forms of carboniferous age in Australia co-existed in India 
with species found also in the triassic rocks of Europe, and that plants of the lower oolite 
of England still existed in India, whilst the surrounding seas nourished uppermost oolitic 
forms, we have convincing proof that the land faunas and floras of palseozoio and mesozoic 
times differed from each other in various parts of the globe, at least as much as they do in 
the present day. In short, the conclusions to which we are, I think, brought by a considera- 
tion of the evidence are — 

Ist, — That the faunas and floras of distant lands varied in palsBOzoic and mesozoic times, 
as they do at the present day, far more than the fiLuna of the seas ; in short, that there were 
distinct terrestrial zoological and botanical provinces. 

2ind, — ^That evidence, founded upon fossil plants, of the age of rocks in distant regions, 
must be received with great caution, and that such evidence is certainly in some cases opposed 
to that furnished by the marine fauna. 



* Geological Society of London : Meeting of Maj 24tli, 1876. Only an abstract of the paper has hitherto reached 
India. 

t It wonld take np too much space to go into details. Zanda and certain Proteace^ amongst plants, Ceratodm 
and the MonupiaUa amongst animals, are sufficient to establish the general feet. 
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OW THB HEtATIONS OP THE F088ILTFSBOU8 8TBATA AT MaL^BI AKD E6tX, VBAB SiBONCHA, 

Central PbovinceSi by Th. W. H. Huohjbs, a.b.6.u., f.o.8m Geological Survey of 
India, 

The foBsiliferous strata alluded to in this paper have already been brought to notice 
directly in the Quarterly Journal of the Qeological Society of London,* and incidentally in 
our own Memoirsyt &nd various other publications, but hitherto only speculative suggestions 
as to their mutual relations have resulted, the essential element of stratigraphical evidence 
having been wanting to complete the data for practical discussion. 

This year, however, in the course of a special tour in which I accompanied Mr. King, 
Deputy Superintendent of the Survey for Madras, we were able to visit E6ta and Mal^ii, 
and to trace the extension of the more prominent beds of the one locality into connection 
with those of the other, thus supplying the needed evidence. 

The result we have come to is, that the K6t& and Mal^ri beds must be classed together, 
or, at all events, are members of the same series, and that they are younger than the E4m- 
thi, or Kimthi-Damiida series. 

The most interesting result of our palseontological researches in the same district was 
the discovery by Mr. King, in strata below the beds at K6t&, of a Paliasya which Dr. 
Feistmantel has identified as a specific representative of one in tHe Rajmah41 series (Palis' 
9ga eonferta) ; while in beds associated with the fossiliferous strata at Mal^ri, I detected 
another Palisaya, referable to a species found in the Jabalpdr group, and also the Arauea* 
rites of the Each plant-beds. 

The fauna already known from E6t4 and Mal^ri is represented by relics of Lepidolus, 
(Echmodus, and Ceratodus, with the crocodilian genus Parasuchus, B-yperodapedoHf Sui., 
some of which indicate a Triassic age, whilst none are represented by allied forms in Euro- 
pean strata at more recent period than the Liassic. 

We thus have associated in the same group plants of our Indian Jabalpdr, Each, and 
lUijmah&I groups, and animals, which, if judged by European analc^, are certainly not 
younger than the age of the Lias. 

Dr. Feistmantel has recently endeavoured to show that the flora of the Jabalpdr, Each 
and Rajmahal groups proves them to be older than the age usually ascribed to them, a view 
which our discovery tends to strengthen. 



Notbs on the Fossil Mahxaliak Fauk£ of India and Bvbica, bg B. Lydbxkbb, b.a.. 

Geological Survey qf India. 

The present short paper is intended to appear as a kind of preface to full descriptions 

of several new species of fossil mammalia which have lately 
Introdaction. been discovered in the tertiary strata of India and Burma, 

chiefly by Members of the Geological Survey of India. 
These descriptions will appear in the " Palseontologia Indica/' according to the opportunities 
of publication. 

The formations and districts from which the remains of mammalia have hitherto been 

discovered in India and Burma are shown in the following 
Formatloiu. lists ; these I have arranged according to that which seems 

to me to be their most probable succession in time ; several 



• Vn, p. 278 ; VIII, p. 230 ; IX, p. 361 ; XVII, p. 349; XX, pp. 117, 280, &o. 
t II. p. 386 ; III, p. 202 ; IX, p. 83. 
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fftanse, each as ihoee of the old aUaviam of the Ganges and Jamna, of the grayels of the 
Nerbudda Valley, and of certain beds of the Deccan, are grouped provisionally together, as they 
evidently belong to (geologically speaking) the same epoch ; at the same time I wonld observe 
that these beds are nowhere found in direct apposition, and that» therefore, there may be con- 
siderable differences in their age. It is also to be borne in mind that many of these formations 
containing distinct groups of animals may really be contemporaneous, the difference in their 
fauns being caused by physical conditions. After the names of certain genera and species in 
the succeeding lists, my own name is added ; these genera and species are new to the fossil 
Indian fauna, and full descriptions will subsequently appear in the " Palaeontologia Indica.'' 

The following list comprises the known mammaliferous beds of India :— 

Indian Mammaliferous Series. 

C Modem alluvia of rivers and plains, containing human *) f^^Q^ 
I remains and bones of living Mammalia. ^ 

a.— Old alluvium of Jamna and Ganges. -v p^g^ Pliocene 

h. — Older gravels of Nerbudda and God4var{. 
e. — Gravels of the Deocan. 
(^.— -Upper Siwalik conglomerates and days. 
Siwaliks of Falconer. (Pal. Mem. passim.) 
Mammaliferous sandstones and clays of Jamu. 
Siwalik. i Medlicott : Bee. Geol. Surv., Ind., 

Vol. IX, pt. 2. 
Mammaliferous sandstones and clays of Potwar and Eohat 
. districts : (Wynne : Mem. Geol. Surv., Ind., Vol. X, pt. 2.) 
Marine mammaliferous sandstones of Chittagong and Sylhet 
SiwaUks (P) of Tibet. 
Manchhar beds of Sind (and Kach P) 
Mammaliferous beds of Pegu and Iraw6d£ River. 
Mammaliferous beds of Perim Island. 
Beds at Kushalghar (forty miles south of AttoclO ... Upper Miocene (P) 

Nahan beds of Bakral4 Bangs •« ... ... Upper Miocene (P) 

SuBATHU ... Nummulitic beds of Salt Range and Fatehjang ^ Miocene. 

Commencing with the uppermost beds in this list, it will be seen that I have grouped 
three (a, b, c,) together ; the two first are placed together on the authority of Dr. Falconer, 
who grouped the older alluvia of the Jamna with the older gravels of the Nerbudda valley, 
on account of the similarity of their faun» (Pal. Mem., vol. II, p. 680.) — The Upper 
Siwalik group I have also placed near these beds (see inflra), on account of the distinctness 
of its few mammals from those of the underlying beds : at the same time it must be observed 
that these uppermost beds are conformable to the underlying series, while they are capped by 
unconformable strata, which may be contemporaneous with part of the river alluvia: it 
would, perhaps, be best, therefore, to regard these Upper Siwaliks as "transition beds" 
between the true Siwaliks and the Nerbudda and Jamna series. 

The following list of genera and species is given by Falconer (Pal. Mem., vol. II, p. 642) 
from the older alluvia of the Jamna :— 



» Pliocene. 



Euelephas namadicus, Falc. 
Tetraprotodon palaindicus Falc. 
Equus (sp.) 
Cervus (sp.) 



Bubalus palffiindicus Falc. 
Sus (sp.) 
Bos (sp.) 
Antilope (sp.) 
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In the Indian Maseum* we have also spedmens of 2i£u§ and SemnopUkeems from the 
same deposits. The whole ijf the genera in the abome list are still living in India with the 
exception of Teiraprotodon, which is now confined to Africa : all the genera (and species at 
present determined) are also found in the Nerbndda deposits. The mammalian fauna of the 
Nerbndda and Goddvari deposits presents a somewhat more cc^ions list than the foregoing : 
many of the species have been figured bj Falconer (see " Fauna Antiqua Sivalensis'* and 
" PalsBontologioal Memoirs"), but a few new species are contained in the colleotion of the 
Indian Museum. The following is the Hst from these formations :— * 

BiMAKA. 

Man. (stone weapons.) 

Pboboscidia. 
Elephas namadicus, Falc. . . . Stegodon insignis, Falo. 

Pbrissodacttla. 
Rhinoceros namadicus, Falc. ^ Equus namadicus, Falc. 

AbTIODACTTIiA. 

Hexaprotodon namadicus ... Bnbalus palssindicus, Falc. 

Tetraprotodon namadicus ... Bos namadicus, Falc. 

Cervus namadicus, Falc. 

Cabnitoba. 
Fells (sp. noT. Indian Museum) m. Ursus namadicus, Falc. 

RODBKTIA, 

Mus (sp. nov. Indian Museum). 

The topmost Siwalik day and conglomerates near Bnbhor (see Mr. Medlicott's paper, Rec. 
Geological Survey, India, vol. IX, pt. 2, p. 67) have yielded to Mr. Theobald's careful 
search two species of Mammals, viz., Buhalus palaindicus and Camelus iivalensis. As the 
first of these species is unknown amongst the subjacent Siwalik Fauna, and as the second is 
an essentially modem form, I have chosen to group these uppermost Siwaliks with the Ner- 
bndda beds rather than with those lying below them. Mr. Medlicott, however, is rather 
inclined to doubt this view. 

It win be observed that in the above lists, the whole of the genera, with the exoep. 

tion of Hexaprotodon and Stegodon (which are really only 
^"'^ sub-genera), are still living on the globe, and among the 

living genera, with the exception of Hippopotamus, the whole number are stiU living in India, 
None of the fossil species have, hitherto, been satisfactorily identified with living forms ; 
one species of deer is, however, very closely allied to the living Indian Bueermu (as I shall 
show in a subsequent paper) ; and the Bubalue palaindums (as far as craninlogical characters 
go) is scarcely separable from the Bubalue ami of India. The presence of a true taurine ox 
(Boe namadieue) in these beds marks the distinctness of this fauna fVom that of modem. 
India, but, at the same time, sueh a highly specialized form confirms the very recent age of 
these formations. 

Certain species of Ruminants, such as Boa Falconeri and Cermdui styloceras described 
by Mr. Theobald &om the Nerbndda valley (Mem. Geoh Surv., India, voL II, p. 279), 
are founded on bones of Bos namadicus and Bucervus. 



• Bones figured in the Journal of the Asiatic Society, Bengal (voL II. p. 36), as human ftom these beds, vrere 
subsequently shown by Falconer to belong to other mammalia. 
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The last fomation whioh I Lave proviaioiially placed in thia newer group conaists of 

certain gravels and clays from the Deccan, containing 
Deooan beds. Mammalian remains, some of which have been described 

by Mr. Foote (Pal. Ind., Ser. X, Vol. II). 

The fauna at present only comprises three genera, two of which are only known by 
fragments, and cannot be specificaUy determined. These are — 

Ehinoceros deocanensis (Foote). 
Bos (sp). Eqnos (sp). 

Mastodon pandionis, Lartet, has also been described by Falooner from superficial beds 
in the Deccan ( " Palsdontological Memoirs," Vol. I, p. 124). 

These gravels being superficial and undisturbed, point to the comparatively modern age 
of the beds : the bones, too, are in an extremely friable and rotten condition, which would 
induce one to think that had they been buried for long geological periods in this pervious 
soil, they would have completely perished. At the same time, the molars of the species of 
Rhinoceros are so different from those of any living or fossil Indian species, that I cannot 
help thinking these beds may be older than those of the Nerbudda valley, or, at any rate, that 
the Bhinoceros is one of the last survivors of an older fauna. 

The very peculiar and prominent ** cingulum" on the premolars of this species indicates 
considerable relationship with the older Aceroiherium and Palaotherium, J£ Falconer is 
right in identifying the Deccan Mastodon with M. pandionu, this is the only instance of a 
fossil Indian Mammal being identical with a European species. 

The different gproups of stn^ included under this head comprise those beds which have 

produced the greatest number of fossil Mammalia : I have 
Pllooeoe. included under the head of Pliocene-Siwalik nearly the 

whole of the Mammaliferous beds of the Sub-Himalayan 
region (with the exception of the topmost beds noted above), because we have hitherto found 
no distinction in the Mammalian Fauna of the different beds. Few identifiable Mammalian 
foesils have yet been discovered firom the N4han beds of Mr. Medlicott (Mem. Geol. Surv., 
India, Vol. Ill, p. 101), nor from what appear to be their corresponding beds in the Jamti 
and Potwar country (Rec. GFeol. Surv., India, Vol. IX, pt 2) described by Mr. Medlicott. 
The main exception to tiiis are certain fossils, to be subsequently noticed, coming from the 
south of Attock. 

Mr. Wynne (Mem. Qeol, Surv., India, Vol. X, pt. ii, p. 24) has proposed to identify 
the grey sandstone and brown-clay series of the Potwar and Kol^ districts with the N4hans 
of Mr. Medlicott : this, I believe, partly arose from a mistaken conception of the geological age 
of certain fossils collected by Mr. Theobald in the Eangra and Jamd districts : these fossils 
were all collected from Siwalik and not from N&hun beds, and as they agree specifically 
with those from Mr. Wynne's grey and brown beds, I have no hesitation in placing these, 
on palseontological grounds only, as of Siwalik age : Mr. Medlicott agrees with this view 
(Rec. Geol. Surv., India, Vol. IX, pt. 2, p. 66). 

The whole of the Mammalian fossils (with the exception of those from near Attock) 
described by the late Dr. Falconer, were, I have not the least doubt, obtained firom the typical 
Siwalik horizon of Mr. Medlicott ; and there is, therefore, no ground for the si^gestion which 
has been made, that Dr. Falconer erred in not making a distinotion between Siwalik and 
Nahnn Mammalian fossib. The divisions in the Siwalik strata, founded on lithological 
chnnabefn only, I have not noticed, as they do not, as far as we know at present, contain dis- 
tinctive groups of Mammalia. 
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The following is the liflt of Fossil Mammalia at present known to me from the Sub-Hima- 
layan Siwaliks : — 

Pboboscidia. 
Stegodon insignis, Falc. Euelephas hysudricus, Falc. 

Stegodon bombifrons, Falc. Mastodon latidens, Falc 

Stegodon ganesa, Falc. Mastodon sivalenws, Falc. 

Lozodon planifrons, Falc. 

Pebissodacttla. 
Bhinoceroe platyrhinns, Falc. Eqnns sfvalensis, Falc. 

Bhinoceros sivalensis, Falc. Equns palaonns, Falc. 

Bhinoceros palaindicus, Falc. Hippotberium antilopinum, Falc. 

Acerotherium perimense, Falc. Listriodon sp. mihi. 

Abtiodactyla, — Suina. 
Hexaprotodon sivalensis, Falc. Sns giganteus, Falc. 

Meiycopotamub dissimilis, Falc. Sus hysudricus, Falc. 

Tetraoonodon magnum, Falc. et mihi. Hippohyus sivalensis, Falc. 

Abtiodactyla— Pecora. 

Chalicotherium sivalense, Falc. Bison sivalensis, Falc. 

Camelus sivalensis, Falc. Hemibos triquetiiceros, Falc. 

Sivatherium giganteum, Falc. Amphibos acuticornis. Falc. 

CamelopardaUs sivalensis, Falc. Peribos occipitalis, Falc. et mihi. 

Dorcatherium, 2, sp. mihi. Bos, sp. var. Indian Museum. 

Capra, sp. Brit. Mus. Cervus. sp. var. Indian Museum. 

Cabnivoba. 
Felis cristata, Falc. Hyaenarctos sivalensis, Falc. 

Felis palffotigris, Falc. Amphicyon, sp. mihi, Indian Museum. 

Drepanodon sivalense, Pale. Ursitaxus sivalensis, Falc. 

Hy»na sivalensis, Falc. L^tra palfflindica, Falc. 

Canis, sp. Brit, and Indian Museum. Enhydriodon ferox, Falc. 

BODENTIA. 

Hystrix, sp. Falo. Mus sp. Falc. Typhlodon sp. non-desc, Falc. 

QUADBUMANA. 

Semnopithecus Sub-Himalayanus, Meyer: and Macaous, 

Several species mentioned in the manuscript notes of the late Dr. Falconer, but never 
described, and of which the original specimens are now unkntmn, have been omitted from 
the above list, as it is quite impossible to identify them. Camelopardal^s affinis of Falconer 
has aUo been omitted, because the species appears to me to have been founded on a nusteke. 
(See Appendix.) 

Beferring to the table of formations given above, we find the next on the list to be cer- 
tain beds at Ohittagong ; these beds I have never seen, nor am I aware that they have been 
described- they are inserted here on the evidence of a smaU collection of fossils from the 
above locality in the Indian Museum. These fossils «« /"^bedded in a cc^rse green saad 
matrix, and comprise two or three genera of marine sheUs with teeth of iam«a, and two 
Mamn^lian moUrs : one of the latter I have identified with 8us htf^udricus of the Siwaliks ; 
the other is the molar of a species of Gervtu, apparently new ; of course till more specimens 
are obtained from this district, it would be rash to speculate as to the age of the bed*, 
though they may very probably be Siwalik. 
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The next formation on the listjis the Mammaliferons series of Peg^ and the Irawadi 
river : fossils from these beds hare been described and figured by Dr. Falconer (" Fauna 
Ant Sival." and " Pal. Mem."), and by Mr. Clift (Trans. Geol. Soc., London, 2nd series, vol. 
4) ; several new species of Mammals from this district are contained in the collection of the 
Indian Museum, obtained by Mr. W. T. Bknford and Mr. W. Theobald. The following list 
contains only those species of which the locality is certain :— 

Pboboscibia. 
Stegodon Cliftii, Falc- Mastodon latidens, Pale. 

Mastodon sivalensis, Falc. 

Pbbissodacttla. 
Bhinoceros n. sp. mihi, Ind. Mus. Equus sp. Ind. Mus. 

Acerotherium perimense, Falc. Tapirus, Clifl. 

Abtiodacttla. 

Hexaprotodon iravadioum, Falc. Bos. sp. Ind. Mus. 

Merycopotamus dissimilis, Falc. Cervus sp. Ind. Mus. 

Yishnutherium iravadicum n. gen. 
mihi. 

Cabnitoba. 

Ursus sp. Indian Museum. 

The fauna of the (probably) Siwalik strata of the Niti Pass and Tibet is only known 
from a few fragments of bone described by Dr. Falconer (" Pal. Mem.," Vol. I, p. 176), and 
from certain fossils collected by (jeneral Strachey (Quar. Joum. Geol. Soc., London, Vol. YII, 
p. 292) ; these comprise remains of a species of Bhinoceros, and of a ruminant allied to Ovis 
or Capra. 

The mammaliferons strata of Stud, with which I should be disposed to group those of 
Kach, have been recently described by Mr. W. T. Blanford (Bee. Geol. Surv., India, Vol. 
IX, pt. 1) under the name of Manchhar beds, which he correlates with the Sub-Himalayan 
Siwaliks ; the only genera which I can at present identify among the numerous fragments of 
bones collected by Mr. Fedden from these deposits are the following :— 

Pboboscidia. 

Mastodon latidens, Falc. Stegodon sp. 

Dinotherium sp. mihi. 

Pbbissodactyla. 
Bhinoceros, 2 sp. mihi. Listriodon sp. 

Abtiodacttla. 
Merycopotamus sp. mihi. Buminant sp. (astragalus.) 

Chalicotherium. sp. 

The last beds that I have introduced into the pliocene gproup are the mammaliferons 
gravels of Perim Island, in the Gulf of Gambay ; most of the species were noticed by 
Falconer ; the list comprises^* 

Pbobobcidia. 
Mastodon latidens Falc. Dinotherium indicum, Falc. 

Mastodon perimensis Falc. 

Pbbissodaottla 
Acerotherium perimense, Falc Bhinoceros sp. non-des. 
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Abtiodjicttla. 

Brmmatherinm perimense, Falc. Antilope sp. mihi Ind. Miu, 

Camelopardalis ap. Fale. Sua hysndrioui Falc. 

Capra, sp. mihi. Ind. Moa. 

The Mammalian fosaila which I hare proviaionally placed under the head of Miocene 
compriae three groups ; the first of these is from Kuabalghar, forty miles to the aoath of 
Attock. In the early part of the present year I made a jonmey to Attock for the purpose 
of re-discovering the heda from which these fossib had heen obtained ; nnfortanately I had 
not been correctly informed as to the precise locality at which the fossils had been found, 
and I was consequently unsuccessful in the main object of my journey. The exact 
horizon of these beds must therefore be still an unsettled question : from the marked differ- 
ence between their small fauna and that of the typical Siwalik area, I am inclined to think 
that they may belong to a somewhat earlier period, such as the N&han of Mr. Medlicott ; 
red strata corresponding to the latter occur in the neighbourhood from which the fossils 
were obtained. The original specimens from this locality are now in the Indian Museum ; 
those to which Falconer's name is added in the following list were shortly noticed by him 
in a manuscript note (" Pal. Mem., Vol. I, p. 415) ; the following list contains all the species 
known to me from this locality ;— 

PfiOBOaCIDIA. 

Mastodon sp. Ind. Mus. Dinotherium pentapotamicum, Falc. 

FEBI8S0DACTTI.A. 

Listriodon pentapotamin, Falc. (gen. mihi.) Antoletherium, Falc. 
Bhinoceros ap. n. lud. Mus. 

Abtiodacttla. 
Merycopotamua sp. mihi.* Sua pnaillaa, Falc. 



Dorcatherium ap. mihi. 



Amphicyon sp. n. Falc* 



Cabnivora. 



With regard to other formationa below the typical Siwaliks, the fossils are so few and 
BO fragmentary, that very few of them can be specifically determined. Mr. Wynne has 
collected a fragmentary tooth of a species of Mastodon from the N4han beds of the Bakr414 
lange near Jhilum. From the Sab&thd nummulitic beds of Fatehjang and its neighbour- 
hood Mr. Wynne has obtained a considerable series of bones^ but mostly in a very unsatis- 
factory condition. 

From the beds immediately overlying the Mammaliferous clays of Fatehjang, I have 
recognised the perfect astragalus of an Artiodactyle animal ; the form of this bone shows that 
the navicular and cuboid were united ; the animal was therefore probably a Ruminant. 
From the Sab&thd nummulitics we have a femur of a Perissodactyle animal allied to SAmo- 
cerot. These are the oldest Mammalian remains yet discovered in India. 

Having now shortly noticed the fannse of the various Mammaliferous beds of India, it 
remains firstly to consider their relationship one to another, and subsequently the relationship 
of the whole group to the living and fossil Mammalian fimnse of other regions of the globe. 



* See ippendU. 
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Od looldni^ tbrongh the foregoing lists, it will be observed that there is bnt one species of 
Mammal common to the faunse of the Nerbndda beds and the lower Sub- Himalayan Siwaliks, 
vix.i Stegodon innffnia; the remains of this species are far less common in proportion to 
those of other animals in the Nerbndda beds than in the Siwaliks : this fact indicates 
that tlie species was rapidly dying ont in the hitter period, beyond which the genns is 
unknown. Buhalu» palaindicug has been qnite lately disoorered (in company with Camelus 
nv€ilentu:) in the topmost beds of the 8iwaliks, which have not hitherto yielded other 
Mammalian remains : as this species is not f oand in the lower Siwaliks, I have placed these 
uppermost beds in near relation to the Nerbndda beds. Since, as noticed above, the genera 
Hippopotamus and Stegodon are the only forms at present not generically represented among 
the living Indian fauna, there can be no doubt as to the very modem age of these deposits. 

The only two species of Mammalia at present satisfactorily determined to be common to 
the Sub-Himalayan, Irawadi, and Perim Island beds are Aeerotherium perimenae (this 
species was added last year to the Siwalik Fauna by Mr. W. Theobald's discovery of two 
well-preserved upper molars in these strata) and MoMpxian latidens. 

Both the species of Mastodon, which occur in the Siwaliks, are also found in the 
Irawadi beds ; bnt the Rhinoceros of the latter deposits is very markedly distinct from any 
of the Siwalik species. (The molars of the Irawadi Rhinoceros in the Indian Museum I shall 
describe on a future occasion.) The species of Hexaprotodon are also different in the two 
deposits : the same species of Merycopotamus, however, occurs in both. Stegodon elijtii 
<kppears to be peculiar to the Irawadi beds ; it is the species most nearly allied to the 
Mastodons, and is therefore probably the oldest of the genus ; teeth of Mastodon are very 
common in these beds, while true elephants appear to be absent ; but I cannot lay great stress 
upon this point at present ; if the absence of JSuelephas be confirmed by a more thorough ex- 
amination of these strata, I should be well-nigh sure that these beds are older than the Siwaliks. 
A new genus of Ruminant, for which I propose the name of Vishnutkerium, closely related to, 
but smaller than, Sivatherium and Bramatkerium, has been determined by me from a portion 
of a lower jaw with teeth obtained from these beds by Mr. W. T. Blanford. Bematns of spe- 
cialised Ruminants like Cervus, Bos, and Antilope, as also of Equus, are far more rare in the 
Irawadi beds than in the Siwaliks — facts probably pointing to the somewhat older age of 
the former. 

^rom the Mammaliferous beds of Perim Island, Acerotherium perimense and Mas- 
todon latidens are the only two Mammals which I have been able satisfactorily to identify 
with the Siwalik fauna ; the one molar of 8ns from Perim in the Indian Museum seems, however, 
to be the same as the Siwalik Sus hysudricus. All the other species at present determined are 
peculiar to this district : out of seven genera, four are quite extinct, and two of these, viz,, Dino- 
therium and Bramatkerium, are not found in the typical Sub-Himalayan Siwaliks. The 
presence of the former of these genera indicates a relationship between this fauna and that 
of Sind, and the Attock beds. 

The extinct Mammalian fauna of the Siwaliks of Sind, as &r as it is at present known, 
seems to indicate a group distinguished from that of the typical Sub-Himalayan deposits. 
Among the small but interesting collection of fossils brought from this district by Mr. 
Fedden, I notice the absence of Equus and Bovoid Ruminante, and the presence of Binotke- 
Hum, Doreatherium, and Merycopotamus (all extinct). Idstriodon has been found in 
these beds, and single teeth have been obtained from Attock and the Potwar (Theobald), but 
not from the true Siwaliks of Falconer : it would therefore seem probable that this genus in 
tertiary times was confined to the western side of Upper India, not ranging into the Rari 
and Satlej districte. Two species of Rhinoceros have been brought by Mr. Fedden from 
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these beds : one of them is different from either of the Siwalik species, and allied to jB. 
deccanensis of Mr. Foote, while the other approaches to JB. palaindictu. The species of 
lAttriodon appears to me to be the same as LUiriodon pentapotamuB from Attock. I think 
it probable from this faana, either that it was separated from the typical Siwalik faona 
by physical barriers, or that it might hare been slightly older. Mr. Fedden tells me that 
the Mammals from these deposits are found nearly at the base of the fresh-water series ; in 
the Potwar district, on the other hand, they occur nearly at the top : this suggests that 
the Sind fauna is somewhat the older.* 

The fauna of the Eushalghar beds near Attock comprises a small group of Mammalia, 
in which the species and in many cases the genera are quite distinct from those of the typical 
Siwalik area ; all the specimens from this locality are molar teeth in an excellent state of 
preservation, so that there can be no doubt as to the correctness of their specific identification ; 
the fossils are embedded in a red clay matrix, which lends confirmation to my suggestion that 
they may belong to the N&hun zone of Mr. Medlicott. Among a total number of nine genera 
from these beds no less than five are extinct ; one of these genera, Dinoikerium (as noted 
above) is unknown in the typical Siwaliks ; while another, Antoleiherium, is peculiar to 
these beds : a third, Amphicyon, is only known in the iypical Siwaliks, from a single 
camassial tooth of the lower jaw brought by Mr. Medlicott from the red-clay and sandstone beds 
of Nurpur (these beds are placed quite at the base of the Mammaliferous Siwaliks) ; the Attock 
specimen, which is an upper true molar, must have belonged to a much smaller animal than the 
Siwalik specimen ; and the two species were doubtless distinct. The Meryeopotamtu of 
the Kushalghar beds seems to be the same as the Siwalik and Burmese species f ; a 
lower molar of Shinoceros, from the same locality, is quite distinct from those of either 
of the Siwalik species of the genus. A species of Dorcatherium from these beds may or 
may not be distinct from Falconer's Siwalik species, the original and description of which 
seems to have been lost, the name only appearing in a manuscript note. A very small 
and distinct species of Sus (the animal could scarcely have been larger than Hodgson's 
Porcula salvania) is also peculiar to these beds. Listriodon has only just been found 
in the Siwalik strata by Mr. Theobald ; it existed in the lower Miocene of Europe : I 
think the Siwalik species is the same as Falconer's Listriodon petUapotamuB. 

Apart, therefore, from the position of these Kushalghar beds in the geological seriea, 
their Mammalian fauna is found to be veiy markedly distinct from that of the Siwaliks, 
From the presence of such, simple forms as Antoletherium Dinoikerium and LiHriodon 
together with Atnphicyon and Dorcatherium — all European Miocene forms — and from 
the absence, hitherto, of all such specialized types as Bos, JSlephcu, Equus, &c., 
we are led to place this fauna in closer connection with the ancestors of the true 
Siwalik fauna. Whether the age of the fossils is really pre-Siwalik, or whether the 
animals from which they were derived lived in part contemporaneously with the Siwalik 
fauna, but shut off from it by physical barriers, must remain an open question until the 
exact position of the beds is determined ; at all events there seems to be a distinctness in the 
fauna of aU the Mammaliferous beds of the western side of India from those of the typical 
Siwaliks of Falconer. Dinoikerium and Listriodon are only found at Attock, in Sind, and at 
Ferim. The above comparisons tend to show that the Burmese Fauna, though different, still 



* In my note on SUgodon gantm (Rec. 8eol. Burv. India, Vol. IX, pt. S, p. 46) I mtde the eiror of csUSaf 
thoee beds *' supra-nummuliUo" initead of BiweUk. Mr. filanford's paper on Sind wu not pubUahed when I wrot* 
the paper. 

t See Appendix. 
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has considerable relatioDB to the Siwalik, indicating some land connection between the two 
areas, perhaps something like that which exists at the present day ; on the other hand, the 
Fannse of Perim Island and the Kushalghar beds are markedly distinct. Nothing definite 
can at present be predicted regarding the other beds. 

Having now shortly glanced at the relatione of the fossil fanna among themselves, 
we may consider their relations firstly to the present fanna of the globe, and secondly to the 
fossil fanna of other regions. The lists given above (exclnding the Post-Fliocene period) con- 
tain upwards of forty-six well established genera of Mammalia ; of these, the following 
twenty-five, or rather more than one-half of the total number, are now extinct, viz, : — 

Pboboscidia, Mastodon, Stegodon, Dinotherium. 

Pbsissodacttla, Antoletherium, Acerotherium, Sippotherivm, Listriodon. 

Abtiodactyla, Hexaprotodon, Tetraconodon, Metycopotamus, Hippohyusy Bramaiheri» 

urn, Ttshnutherium, SivatheHum, Hemibos, Amphibos, Peribos, Dorcatherium, Chali- 

eotherium. 

RoDBNTiA, TffpModon. 

Cabnitoba, Drepanodon, Amphicyon, Hyanarctos, UMhue ue, Enhydriodon. 

Of the remaining genera there are now found living in India or the adjacent countries 
the following seventeen, viz, : -^ 

Pboboscidia, Euelephas. 

Pbbissodactyla, Rhinoceros, Equus. 

Abtiodactyla, Cervus, Antilopcy Capra, Bison iPoephagus), Bos (Bibos), Sus, 

RoDBNTiA, Hystrix. 

Cabnivoba, Felis, Hytena, Lutra, Cants, Ursus, 

QuADBUMANA, Semnopithectts, Macacut. 

The above list shows that rather more than one-third of the genera of the middle tertiary 
Mammalia of India are still living in Asia ; if now we turn to the living Mammalian fauna of 
Africa, we find the following twelve genera common to it and to the Indian Tertiary 
Mammalian Fauna, viz, .— - 

Pboboscidia, Loxodon. 

Pbbimodacttla, Ehinoeeros, Equus. 

Abtiodacttla, Hippopotamus (representing Hexaprotodon), Bubalus, Camelopardalts, 

Capra, Antilqpe. 
Cabkitoba, Hytena, Lutra, Felis, Cants. 

As being closely connected with our present subject, we may notice here the great number 
of living Mammalian genera common to the continents of India and Africa (south 
of the Sahara). The following list of forms (exclusive of Cheiroptera) common to the 
two continents was kindly given to me by Mr. W. T. Blanford ; it comprises twenty-three 
genera, viz. : — 

Pboboscidia, Elephas (Loxodon in Africa and Euelephas in India. 
Pbbissodactyla, Antilope {subgenera), Gazella, Capra, Bubalus. 

SiBBKiA, Halicore. 

RoDBNTiA, Sciurus, Hystrix, Mus, Oerbillus, Lepus, 
Inbbctivoba, Eritiaceus, Sorex (Crocidura). 

Cabkitoba, Felts (sp, leo. and leopardus), Canis {sp. aureus), Mustela (Himalayas), 
Hy^na, Viverra Paradoxurus, Lutra, Aonyx, Herpestes, Mellivora. 
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Again, we find the twenty-six following genera common to the Indian Tertiaries and to 
the Tertiaries of Enrope, vis, : — 

Pboboscidia, Ma$todon, Loxodon, Euehphas, Dinotherium, 
Pbbissodacttla, Rhinoceros, Acerotherium, Equus, Hippoiherium, Liatriodon, 
Abtiodacttla, Hippopotamus, Sus, Chalieotherium, Doreatherium, Cervus, JSos, 3ison, 

Capra, CamelopardalisJ^ 
Cabnivoba, Amphieyont Ursusy Felis, I}r€panodon, SyatM, Lutra, Hjfonaretos, Gsnw. 

From the above list we find that more than half the number of genera of Mammalia 
which occur in the Indian Tertiaries are also found in the Tertiary fauna of Earope. In 
contrast to this if we turn to the living fauna of Europe, we find the following eight geneia 
common to it and the Indian Tertiary fiiuna, via. : — 

Abtiodactyla, Sus, Bos, Bison, Capra, Cermts. 
Cabnitoba, Ursus, Felis, Lutra, 

Finally we find the following fourteen genera peculiar to the Indian Tertiaries : — 

Pboboscidia, Stegodon, 

Pbbissodacttla, Antoletherium. 

Abtiodactyla, Hexaproiodon, Teiraconodon, Merycopotamus, Sippokyus, Peribtm, 

Hemibos, Amphibos, Sivatkerium, Bramatherium, Vishnuiherimm. 
Cabnivoba, Uas HamuS f Enkydriodon, 

From the foregoing we arrive at the following results : firstly, that all the species of 
Mammalia found in the Indian Tertiaries below the Nerbadda beds are extinct ; and thai 
the following are the relations of the genera : — 

Extinct ... ... .«. M. .M 25 ? - 

Peculiar to Indian Tertiaries ... ••• ... 14 ' - 

Common to Indian and European Tertiaiies ... ... 26 

Common to fossil and living Indian fauna ... ... 17 

Common to Indian Tertiaries and modern Africa ... 12 

Common to Indian Tertiaries and modern Europe ... 8 

The greatest number of genera common to any two periods occur in the Tertiaries of Europe 
and India \ next to them the greatest common number is found in the living and fossil 
Indian fauna ; thirdly, a small number of genera is common to the extinct fauna of India, 
and the living fauna of Africa ; a few genera are common to the extinct Indian fauna and 
the modem European fauna ; while a larger number of genera are common to the living 
fiaunte of India and Africa. 

The above results appear clearly to p<nnt to some former connection by land between the 
continents of India, Africa and Europe. The former land connection between India and 
Africa has been strongly insisted upon by several modern naturalists ; this ancient land con- 
nection has been named " Indo-Oceania" by Mr. H. F. Blanford in a recent paper, 
(Quart. Jour. Geol. Soc. Lond., November 1875) by which name it will be cited here. The 
writers who have argued for the existence of this ancient continent have been led to form their 
opinions by the study of their own particular branches of science ; another line of evidence 
derived from the fossil Mkmmalia cannot but add strength to the hypothesis. 



• Up. Miocwa of Attica : and perhaps in Fianee ; im OamOa, Palamtologio et Zooiogie Itanvaia, p. WL 
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Assnming the truth of this hypothesis, we must, in considering the relations of the extinct 
to the modern fanna of India, divest oarsel^es of the idea of peninsular India heing con- 
nected hy means of the Himakya with Central Asia ; rather we mast look upon it as having 
been disconnected from tb« latter region by a deep £o-Miocene sea, which deposited the 
extensive nnmmnlitic formations of the Himalaya and Persia; and as having been coi»* 
nected by the old " Indo-Ooeania" with Africa, and so with Earope. Subsequently to the 
(at all events partial) upheaval of the nummulitio series and its overlying sandstones and 
red clays, the great fresh-water Mammaliferous series was deposited : and it becomes an 
interesting question to consider whether these were deposited previously or subsequently to 
the submergence of " Indo-Ooeania." 

Before there can be any chance of answering this question, the geological age of the 
Siwaliks must be certainly fixed ; whether in fact they should be placed in the Miocene or 
Pliocene period. The number of extinct genera of Mammalia in these beds is sa large, that 
on first thoughts one would be at once inclined to say that they cannot be of later age than 
Miocene : this view was taken by Dr. Falconer, and has been subsequently acquiesced in by 
most other writers. In considering this question we must, however, bear in mind, that it 
does not at all follow that the same rule holds good in India as in Europe ; changes ot climatal 
and physical conditions, and consequently of the forms of life, may have been infinitely more 
rapid in the one region than in the other. 

Besides the Mammalian remains^ a considerable number of species of Molluscs have bven 
collected from the Siwaliks ; these were sent by Dr. Falconer to the late Prof. £. Forbes for 
determination ; a considerable number were identified with living forms, and Mr. Theobald 
now tells me that he believes (owing to the more complete collections of living species now 
extant) nearly all are identical with living species. At the end of his note on the subject 
(Pal. Mem., Vol. 1, p. 390) Prof. Forbes says that the Molluscan evidence tends to place the 
age of the Siwalik Fauna as not newer than older Pliocene ; if, however, Mr. Theobald's 
suggestion turn out to be correct, the age would, from the Molluscan evidence, be later than 
this. In the first volume of the Palaontological Memoirs (p. 26) it is stated that in the 
opinion of a then eminent authority (Mr. Benson), nearly if not quite .all the Siwalik shells 
were identical with living species. Our collection of these shells in the Indian Museum is 
not at present very extensive ; if additional specimens be obtained, it would be very important 
to have the whole series carefully compared with their living congeners. 

There is, however, the still more important fact, that the Qharial of the Siwaliks, and 
one species of Crocodile, are absolutely indistinguishable from their living Indian represen- 
tatives, whilst there is, I believe, no instance of reptiles having survived from the Miocene 
to the present period. Both of the above facts to my mind point very strongly to the 
Pliocene age of the Siwaliks : Smys tectum is also another Siwalik Reptile which has 
survived down to the present time. 

Another very important piece of evidence tending to the same view is afforded by 
a statement of Mr. W. T. Blanford's (Rec. Geol. Surv. India, Vol. IX, pt 1, p. J 8) in his 
Geology of Sind ; it is there shown that the Manchhar beds, which he correlates with the 
Siwaliks (and from the few fossils brought from them, I should say that they cannot possibly 
be newer) rest unconformably on beds " which are at the oldest Upper Miocene." If this 
identification is certain, it at once disposes of the Miocene theory of the age of the Siwaliks. 

The assemblage of Mammalian genera in the Siwaliks, and other Indian Tertiaries, 
is so incongruous, according to our ideas derived from the European fauna (as was long since 
pointed out by Dr. Falconer), that it seems to be impossible from this alone to decide 
their age. Forms such as Ckalicotherium, Acerotherium and Dorcatherium are very 
characteristic of the Miocene of Continental Europe ; but then we find mixed with them such 
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markedly modem formii as Equuf, Hippopotamus and Boiy jast M diMieterifltio of the 
Pliocene in Europe ; and it is from the presence of these and kindred genera that I am 
inclined to give my adherence to the view of the modem age of these strata ; rather than, led 
away hy the presence of older forms, which might well have liTe<idown to a later period in 
this country than in Europe, to place the Siwaliks- in the Miocene period. Mr. W. T* 
Kanford, in the paper ahove quoted (page 18, note), attaches much weight to the presence 
of specialised Ruminants in the Siwaliks, as indicating their Pliocene age : and the absence 
of genera like PaltBOiherium and Anoplotheriwn, as fur as negatiTe evidence goes, also tends 
to prove the modem age of the Siwaliks ; with regard to Mr. Blanford's remark, however, 
it is mentioned in the report on the Miocene Mammals of Attica (Compt. Bend Vol. LI, p. 
1296) that " L'abondaDce des Buminants est remarquable k Pikermi :" and yet the strata 
are placed as Miocene. 

Assuming, however, the Pliocene age of the Siwaliks, and the former oonneetion of 
India with. Africa, we still have to account for the number of generic forms common to 
Tertiary India and Tertiary Europe: this, however, presents no difficulty, because it is> 
I believe, a well-establiBhed fact that Southern Europe and Northern Africa were connected 
by land in middle tertiary times ; so that a land communication (not necessarily continuous 
at any one period) must have once existed between India and Europe, across the Indian 
Ocean, allowing of the free migration of the Mammalia of the three great continents. 

According to this view of the case, we may readily conceive how a European Miocene 
genus like Helladotherium or Camelopardalis (both found fossil on the extreme southern 
borders of Europe) may have lived in these regions, in Northern Africa and in the inter- 
mediate submerged land, and so may have given origin to the Camelopardalii of the 
latter continent, and also to the Sivatherium, Bramatherium and Giraffe of the Indian 
Tertiaries, which lived in the succeeding Pliocene period. The same may be said of BlepkoM 
and Hippopotamus, some forms of both of these genera being found either living or fossil 
in all the three continents ; both genera might have taken their origin in the Miocene 
** Indo-Oceania," or adjacent lands, and thence spread out on all sides ; to live in one continent 
up to Pliocene and Post-Pliocene times only, and in the other two to exist up to the 
present day. 

The presence of such genera as Equus and Bos in the Pliocene of Europe, and in 
the Siwaliks of India — genera which are still living in both oontinents — appears to lead to 
the conclusion that the connecting land between India and Europe must have existed down 
to a comparatively modem period : and that perhaps some portion of the Siwalik strata were 
deposited during the period of this union. 

The very large number of Mammalian genera common to the Indian and European 
Tertiaries, and the comparatively small number common to the former and to the living 
Fauna of Europe, seem to point to an earlier separation between India and Europe than 
between India and Africa ; the Faunse of the two latter countries still have so many forms 
in common, that it appears only a relatively short .period of time can have elapsed since their 
separation ; a period not long enough to have modified the genera, and in several cases not 
e^en the species. Between India and Europe, on the other hand, the relationship between 
the living Mammalian genera is much less close ; and we have to go back to the Miocene 
period of the laiter country, and to the Pliocene^ period of the former, to find conclusive 
evidence of a former land communication between the twa Still, as before said, certain 
living genera are now common to both countries, and we must bear in mind that, A«iinni"g 
the former union of the three great continents of the old world, India and Europe would 
be situated at the two ends of the chain, and that, therefore, their faunie would naturally 
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differ most : moreoTer, the continents of modem India and Europe differ now (irrespective 
of what may have occorred in Tertiary times) very greatly in climate, and to this cause 
alone we may attribute in great part their present divergence in faun». 

If a more complete series of Mammalian remains should hereafter be discovered in the 
Tertiary strata of Africa, we may confidently expect to find among them more conclusive 
evidences of the former mingling of the faunsa of the three great continents of the old 
world. Among the few Mammalian remains which have been obtained from the upper 
Tertiaries of Algiers, there is a species of Bubaliu {B. antiquus : see GervaiB* " Zoologie 
et PaUeontologie," 1st series, pi. XIX), which approaches much nearer in the form of its 
cranium to Buhalut ami of India, than to any living African species of the genus ; 
certain characters, however, relate it to B, brachyceros of the latter continent. Intermediate 
forms like the above afford the most conclusive evidence of the former connection of the two 
continents. 

The presence of two or three genera of Mammalia in the Siwaliks seems to indicate 
that at some period of tim#the fauna of the Indian region must have had communication 
with the progenitors of the American Fauna ; for instance, the genera Mastodon and Equus 
are common to the Tertiaries of Europe, Asia and America : Sivatherium is not only related 
by the form of its molar teeth to Camelopardalis and Megacetot, but in the structure of its 
horn-cores it approaches the American Antilocapra, and no other living Mammal. Camelus, 
again, which is found fossil in the Indian Tertiaries, and in no other formations in the world, 
must have had some relationship with the ancestors of the Lamas and Vicuunas of the 
Cordilleras : a fact which I have just discovered confirms this point : the Siwalik camel 
presents a peculiarity in the lower molars which is not found in the living species, but exists 
only in the American Auchenia,^ If camels exist wild in Turkestan, the presence of the 
genus among the Siwalik faana is one of the few instances in which that fauna is related 
to the fauna of Central Asia. 

No remains of Edentata (now sparingly represented in India) have hitherto been described 
from the Siwaliks. Jjuectivora are likewise unknown; and no specimens of JSodentia have 
been obtained since Falconer's original specimens. As is so generally the case among older 
f aunse, many of the Tertiary animals of India vastly exceeded in size their modem representa- 
tives ; as instances we may note, Stegodon ganesa, Sivatherium, Bramatherium^ Rhinoceros 
plat^frhinuSf Hy<Bnarctos sivalensis, and above all Colossochelys gigantea. 

With regard to the presence of man among the fossil fauna of India, it will be noticed 
that the discovery of a stone weapon in the gpravels of the Nerbudda by Mr. Haoket, and 
of another by Mr. Wynne, in the Qod&vari Valley, have confirmed the suggestion of Dr. 
Falconer (Pal. Mem., Vol. U, page 677) that man would one day be found in these deposits. 
No traces, however, of man have yet been discovered in the Siwaliks, though Fdooner 
thought they might occur even here ; and on the theory of these beds being Pliocene, occurrence 
of human remains is still more probable ; even yet I think all hope of finding them is not ex- 
hausted, especially when we remember how very rare are the remains of any Mammals of the 
anthropoid type ; the one tusk of an Ape allied to the Orang, found by Falconer (Pal. 
Mem., Vol. II, page 578) is still the only specimen of the species hitherto discovered among 
the many thousands of specimens brought from these deposits. It must also be borne in 
mind that the whole of the Siwalik fossils are derived from strata and not from caverns, 
and that, therefore, the chance of finding human remains among them is so much the less. 



* This peoullarity will sub8cqu«iitly b« fuUy described. 
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Lastly, I would conclade with a few words as to the past and present physical features 
of the Siwallk region, and as to the causes which have led to the complete extinction of the 
old Fauna. My remarks will chiefly have reference to that portion of the Siwalik azea lying 
between the rivers Satlej and Indus, as being that with which alone I am personally 
familiar. 

» 

The present Siwalik hills consist of a series of comparatively low ranges, with a general 
north-west strike, forming the outermost bands of the Himalaya (see Mr. Medlicott: 
Mem. GeoL Sur., India, Vol. UI, and Mr. Drew : " Jamd and Kashmir Territories"), 
here and there pierced through and broken up by masses of the underlying formar 
tions : even their very topmost beds are contorted and crushed in every conceivable manner, 
indicating the lateness of the period down to which the upheaval of the Himalaya has 
extended. 

These hills are either completely bare, or are covered with forests of Pinus longifolia 
and Picea Webhianaf or with low scrub jungle : the " ddns" between the ridges are gene- 
rally cultivated and fairly fertile. The rivers are generally confined to narrow channels in 
deep-cut gorges, and never that I am aware of spread out into lakes : isolated lakes of any 
size are also very rare. On the uncultivated lands natural herbage (fit for food) is extremely 
scarce ; and in its present condition the country seems to me entirely unfitted for the support 
of a fauna such as that of which we find the remains embedded in its strata. 

Mr. Medlicott, however, has reminded me that the old Moghul Emperors used to hunt 
the elephant in the Jamti hills ; and it therefore seems likely that cultivation must have had 
a share in rendering this part of the country unfit for the habitation of large game. Fur- 
ther to the east the Siwalik area still abounds in jungle, in which the elephant is found 
abundantly. 

Several of the Mammalia found in the Siwaliks of JamO belong, however, to genera 
which live in the open sparingly- watered plains of Africa; such are Equus and Camelopar^ 
dalis. The Hippopotamus, however, on the other hand, is only found at the present day inha- 
biting large and deep rivers, with pools and lagoons, and on the banks of whicb grow 
abundance of rank and succulent vegetation ; and, to my mind, could not have possibly lived 
in any of the rapidly-flowing rivers of Jamd. 

If, on the other hand, we glance back at what might have been, and very probably was 
the character of the country during the deposition of the Siwalik strata, we may readily 
imagine a physical condition much more suited to animals like tiie hippopotamus. 

Since, in the Jam& district, at all events, the Siwalik strata are carried up and contorted 
by the conformable underlying rocks, it is evident that these older rocks have only been raised 
at a comparatively recent period to the elevation at which we now find them, and that conse- 
quently in Siwalik times the whole of the outer belt of the Himalaya must have been much 
lower than at present. This lower elevation would imply a smaller degree of fall in the 
rivers (which Mr. Medlicott supposes to have flowed in the same courses in Siwalik times as 
at present) and these consequently, instead of denuding, would have been depositing in the 
Siwalik districts, and might have wandered in sinuous courses over extensive marshy 
plains, spreading out here and there into lakes : under such conditions we may readily ima- 
gine the country to have abounded with dense jungles of succulent plants suited for the 
support of large herbivores like the hippopotamus, rhinoceros, elephant, &c. ; the condition 
of the country was probably more like that of Assam at the present day, where the rhino- 
ceros, elephant and bufialoe still exist. Evidence of the former existence of extensive 
forests in these regions is afibrded by the vast number of tree-stems found in the Nahan 
sandstone of Jogi-TiU4 near Jhilam, and more Bparingly in other places. 
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Dming the whole of this ** depositing-perxod" the innermost hand of the npper 
Tertiaries (N&hans) was prohahly heing gradoally npheaYed, while its detritus was again 
deposited in the onter hand : in course of time the elevation of the inner regions would 
heoome so great as to cause the rivers to hegin to cut through the outer Siwaliks, and so 
* gradually to drain the country ; the Siwalik strata hecoming contorted and crushed as they 
were slowly upheaved. This gradual draining of the country and consequent disappearance 
of a great part of the vegetation would, I imagine, have heen of itself a power quite 
sufficient to have caused the total extinction of migration of the old Siwalik Fauna from 
these regions without invoking the aid of man or any other living agent. 

Why some genera like Camelopardali* and Hippopoiamus, apparently as well fitted as 
^lepkas or BMnoceros to have survived in other parts of India, should have entirely 
disappeared from the country, while others like Sivatherium should have heoome totally 
extinct, it is useless to conjecture in our present state of knowledge. 

It may he ohserved that the whole of the Siwalik Mammalia belonged to genera fitted 
for life in the plidns or in low jungle-clad hills, not barren and lofty mountains : we mark 
the presence of genera like Elephcu, Camelus, CamelopardalU, JEqutts, Hippopotamus, and 
MhinoceroSj and note the rareness of Capra, Ibex, Ovis, Nemorhmdut, and similar mountain 
genera. Certain beds in Tibet (General Strachey, sup. cit.), however, presumably of Siwalik 
age, have yielded either an Ovis or Capra: the further exploration of these strata would pro- 
bably show a more intimate connection between their fauna and that of Central Asia than is 
found to exist between the latter and the typical Siwalik Fauna. 



APPENDIX A. 

Descriptions of some new or little known Mammalia from the Indiai^ Tertiaries, 

TBTBACOHODOir MAGiTTTX, Falooner. 

This genus was originally founded by Falooner upon two upper molar teeth fW>m Dad6p6r ; 
(' Palffiontological memoirs'. Vol. I page 149) these teeth have apparently been lost; but a 
drawing is given in the memoir quoted : no other specimens of the genus have ever been recorded. 
The molar teeth indicate an animal of the hippopotamus family. 

In the present season Mr. Theobald has sent down from the Siwaliks of Asnot in the Potwar 
district a portion of a right mandible of a Hippopotamoid, containing the first and second 
molar teeth, and the ultimate premolar, together with the penultimate premolars of both 
sides of the jaw. The molar teeth of this specimen seem to correspond in general character with 
the molars of Falconer's Tetraeonodon so closely, that I have referred the present specimen to 
the same genus and spedes. 

The ^cond molar tooth has not yet come into full wear, and is in excellent state for 
description. The crown of this tooth is oblong in shape ; it is produced at its angles into four 
conical or mastoid processes, forming a pair at each end. A cruciform valley occupies the 
surface of the crown between the four cones; the transverse portion of this valley is the 
widest and deepest ; the extremities of this transverse valley extend downwards to the sides of the 
crown. At the central hollow between the four cones there is a bilobed flat tubercle ; another 
talon tubercle occupies the hindmost portion of the antero-posterior valley ; there is a very small 
tubercle at the outer extremity of the transverse valley. There is no dngulum. 

On the worn surface of the first molar the plane of wear slopes very slightly outwards. 

The resemblance between this penultimate lower molar and the penultimate upper molar of 
Falconer's specimen (as may be seen by comparing the two descriptions) is complete ; and on the 
evidence of this tooth alone I have united the two speoimena under one species. 



^ 
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I now oome to the premolar teeth of my epeeimon, hitherto nnknown* and which are of 
a moat ahnormal and intereating character. Thete teeth vastly exceed in aise the true molai% 
a character which ie, I hdieve, unknown among other nuunmala ; they are placed in direct contact 
with the molar aeriea, and have a general reaemblance in form to tboee of Hippopotami^ and 
M^ryeopotamus ; each is inserted into the jaw by two fangs ; the penultiroate premolar does not 
present any facet of pressure on its anterior sor&ce^ and was therefore probably separated by 
a diastema from the preceding tooth. 

The ultimate premolar has a nearly square base, from which rises an oblique compressed 
cone, the summit being directed backwards and placed a little in advance of the bindnBost 
border of the crown ; the anterior face of the cone projects into a sharp dnuous ridge running 
from summit nearly to base, expanding below into a cingulum, which occupies the greater part 
of the anterior base ; the cingulum slopes ftom the ridge to the antero-extemal angle. A small 
tubercle occurs between the summit of the cone and the posterior border ; this tubercle forms the 
summit of another cingulum occupying the posterior surface ; the posterior cingulum slopes towards 
the base of the crown on each side from this central point ; the outer extremity of the cingulum 
forming a very marked ledge at the postero-external angle of the crown ; a tended notch oceopiea 
each side of the crown between the roots of the hag. The inner surface of the tooth is 
nearly vertical* the outer sloping. 

The enamel u arranged in irregular branching ridges radiating from the summit to the 
periphery of the base ; these ridges are agun mariced by fine parallel transverse stri». 

The summit of the crown is worn obliquely, the face directed upwards and bnckwaids ; 
the worn surface present two facets, and is of an irregular oval shape, the louger diameter placed 
antero-posteriorly. 

The penultimate premolar differs from the other in being rather smaller in the baae 
of the crown presenting a somewhat triangular cross-section, and in the summit of the cone 
being more directly over the centre of the crown. A more prominent ridge from this summit 
runs along the centre of both anterior and posterior surfaces ; the posterior cingnlum is also 
rather more prominent. 

■ 

The dimeusions of the specimen are as follows, in inches and tenths :— 
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The general form of the premolara reaembles those of Sippopotamw : the cingulum, however, 
is confined to the fore and aft surfaces only. In the position of the cingulum, and in the atraigbt- 
ness of the inner wall of the premolars, the specimen approaches the premolars of Meryoppotawuu, 

As stated by Falconer, the moUrs can only be compared with those of Hippopoiamus and 
its allies ; the . position of the four cones at the corners, and the absence of the trefoil-shaped 
surface of wear, sufficiently distinguishes the molars from those of Bippopoiamtu. From Sw 
they are distinguished by the slig^ degree of obliquity of the worn surface, and from the crown 
surface not being a collection of semi-distinct tubercles, but divided into four distinct simple 
cones. The cruciform valley is a chanoter common to this genus and Sum, 
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The distincl ion between the molftrs of tbii genus 9sA Anthracotkmum are well pointed out 
by Falconer in bis memoir. 

The peculiar form and size of the premolars, now first known, (safficiently differentiate this) 
remarkable genua from all its congeners. The gigantic siie of the premolars appears to be a 
ftirtber extension of the ultra development of the anterior teeth, which is found in Bippopotamm 
and Siu : in the living genera this ultra development is confined to the canines and incisors onlyt 
while in the fossil genuA it extended back to the premolars. It is to be hoped that further re« 
•earches may bring to light the cranium and anterior teeth of this most remarkable mammalian 
form. 

The genus was called by Falconer by the two names of Twtraeonodon and Charotherimm 
The latter name is now applied to a small suine animal firom Sausans, (Lar) ; (see Ann. Mag. 
Nat Hist. Ser. lY, Vol. XII, p. 177). For this reason I bare here called the genus by its forme 
name only. 

ViSHNTJTHBEiUM lEAVADicuM (nov. gen. mihi.) 

Genus founded on a portion of a left mandible discovered by Mr. W. T. Blanford in Burma ; 
the specimen contains the first and second true molar teeth. The general fbrm Of the molars is 
like those of Ctmelopardalu, SivaikeriMm, and Bramalherium, and the enamel has the same 
rugose character ; the teeth are, however, distinguished from those of either of the above genera 
by the following characters : — 

Along the whole of the external snrftwe of each molar there is a well-marked sinuated 
Unguium ; this extends half way across the posterior and anterior surfaces* where it is very 
conspicuous : it is produced into a number of cusps on the anterior surface ; there is a prominent 
tubercle at the entrance to the main valley between the barrcls : the other characters differ bnt 
slightly from those of the teeth of the above genera. 

IieDgpth of two inoiar§ .m ..* ... ... m. ... ... ... ... 8*8 

Siito of last ditto ... ... ... ... ... ^ ... ... ... ... 1'4S 

Broautu ox Qitto... ... ... ... ... ... ... ... ... ... 1*0 

This genus is distinguished from Shatkerium and Srama^eHmm by its small sise, and by the 
presence of the cingulum and tubercle ; from CamelopardaUi by the presence of a cingulum, and 
by the tubercle being pointed and present in both molars, instead of being blunt and only present 
in the first molar : other minor differences will be noted when the specimen is figured and described 
fWly. 



APPENDIX B. 

Tlie following is a summary of the new forms added to i&e Siwalik fkuna by the collections 
brought dovm during the present year by Mr. Theobald, together with notices of some of th« 
more remarkable and rare specimens of previously known species. 

Perhaps the most interesting of these additions is a specimen of the tympanic bone of a species 
of Cetacean t the specimen presents some points of affinity to the corresponding bone of PlatanUta, 
and is of about the same size ; it, however, presents such diffSerences as will probably necessitate its 
being placed in a distinct genus. This is the first instance of a Cetacean bone having been 
obtained fh)m the Siwaliks, though Falconer conjectured that they would eventually be discovered 

Two genera, though previously known in other tertiary beds of India, have now been for the 
first time added to the true Siwalik fauna : these are Ziitriodon and Aoerotherimm. 

Of the genus JSes and allied forms, four new species have been added to the Siwalik fauna : 
descriptions of these will shortly be published in the *'PalflBontologia Indica." 
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Mhinoeeros : a new species of this genus, founded on upper molar teeth, has also heen obtained. 
Tetraconodon maffnum, hitherto known by the drawing only of the Dadapur specimen, is 
represented by the jaw noticed above, 

Lutra : a portion of a lower jaw, which seems to be larger than Lutra palaindiea, and may 
perhaps be distinct. 

Branudherium, — Of this genus we haive obtained a very perfect cranium, not yet cleaned 
from its matrix ; the teeth are complete, and the cranium seems only lacking the horn-cores to be 
also complete : this* is, I believe, the first perfect cranium discovered. 

Dorcatherium sp. — A number of molar teeth and jaws ; the upper molars indicate the existence 
of two species. 

Camelopardalis iivalentis, — Part of a lower jaw, and two upper molars. 
Merifcopotamtu tivalensit, — Several portions of lower jaws, and an astragalus. 

UrsUtunu tivalentis, — The first true molar, and the last premolar from the maxilla of each 
side ; these teeth are valuable additions to our collection, as the genus has been hitherto known only 
by Falconer's two specimens : the one a cranium, and the other a fragment of a lower jaw. 

Hy<Bna ttoaJMm.— Several fragments of lower jaws. 
Felis sp.— One lower camassial tooth. 
ITrjM n. sp. cranium. 

In addition to the Mammalian specimens, I have also to notice the discovery of a very perfect 
cervical vertebra of a bird belonging to the order QralkUores, Falconer also had one or more 
specimens of bird-bones, which he referred to the same order ; and it is not improbable that our 
new specimen may be closely allied to Falconer's. Falconer considered that his specimens belonged 
to a bird which must have exceeded in size the gigantic Bengal tL^nixat' LeptopiUui aryala, 

Bemains of Ophidians have not hitherto been recorded from the Tertiary Fannin of India ; 
it is therefore interesting to have to notice their discovery from two localities in the present year. 
Mr. Theobald has brought four dorsal vertebrsa of a species of snake allied to, but smaller than, 
the Indian l:'ython from the Siwaliks of the Potwar district; while Mr. Fedden has collected two 
very similar vertebrsD from the Siwaliks of Sind. 

I shall hope on a fnture occasion to give descriptions and figures of the more remarkable of 
these novelties. 

Note on CamelopardalU from the Siioaliks, In looking over the collection of ruminant teeth 
from the Siwaliks in the Indian Museum, the great rarity of the teeth of this genus struck me 
as being very remarkable, especially as Falconer had determined two species, ou., CtMmelopardulU 
afflma and Camelopardalis sivalensis. The former of these species was founded upon molars closely 
resembling those of the living African species, while the latter was founded upon a cervical 
vertebra. (The specimens are figured in the " Palasontological Memoirs, " Vol. I, p. 198.) 

It then occurred to me to consider why separate species had been made from these two series 
of remains, which on primd Jade grounds it would have seemed natural to refer to one species. 
I then found that in the catalogue of the Fossil Mammalia of the Asiatic Society of Bengal* there 
were certain teeth ^^hich had been entered by Dr. Falconer as the lower molars of the second 
species of Camelopardalie (C. nvalenne). These teeth are numbered in the cdlecUon ^^ and ^^S 
on examining these specimens I was greatly surprized to find that they belonged to Soe or 
some allied form, and not to Camelopardalie at all. (The teeth are much narrower in proportion 
to their length than in Camelopardalie ; they have a long slender accessory lobe between the two cy- 
linders, which reaches to the summit of the crown, whereas in Camelopardalie there is only a 
minute tubercle at the base of the cylinders ; and finally the outer walls of the cylinders are placed 
nearly parallel to the long areas of the teeth, instead of very obliquely, as in CameU^ardaUe), These 
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teeth have a somewhat mgose enamel, and I can only suppose that in a hasty examination Dr. 
Falconer, who says that at the time of cataloguing them he had no means of making a compai'ison 
at hand, was led away hy thia character into plaeiog them under the head of Camelopardalu, 

No teeth have therefore heen found which are referahle to Cameiopardalis sivalensU ; on turn- 
ing to Dr. Falconer's remarks upon the g^nus, it is stated that the teeth figured in the " Pdieon to- 
logical Memoirs" were assigned to a second species, hecause they were of too large a site to have 
belonged to an animal possessing cervical vertebre of the size of those of the original CawteUpaf 

On turning to the measurements of the vertebra of the latter species (" Palfeontological Me- 
moirs, " Vol. I, p. 2dl), I find that the specimen was described as being one-third shorter than 
the corresponding vertebra of the living species ; but on looking at the relative dimensions of the 
centre of the vertebra of the two species, I find very small differences between them ; indeed, some 
of the diameters of the vertebra of C nvcUenns are actually larger than those of C. giraffa. 

The following measurements are taken, from Falconer's table :<* 

Vtrtioal diameter of antarior arUeulatinff sorfitoe of csntmm 

Tnmivene ditto ditto 

Length of post-vysapophysis ... ... ■•• ... 

Width of disc. ... ... ..• ••* ... 

Length of pre-zjgapophysis 

Vertical diameter of posterior artioolating oap of oentram 

From the above measurements it will be seen that the anterior articulating ball of the oentram 
has an area nearly equal in the two species ; the diameter of the posterior cup of the vertebra 
of the recent species is rather the larger of the two, but this is caused by a less development of the 
rim in the fossil specimen. Both of the zygapophyses present a considerably lar ger area' in the fossil 
than in the recent specimen ; and since their surfaces are the main aids in conn ecting the different 
vertebra, it is clear that the neck of the fossil species was at the least equally strong with that of 
the living species, and was therefore capable of supporting a head and teeth as large as those of the 
latter. 

Moreover, from its shortness and consequent absence of the great leverage which occurs in the 
living species, the neck of the fossil species might well bear even a still larger head and teeth than 
those of the living species. 

From the above arguments I am perfectly convinced that Falconer's second species— >CEfifieio. 
pardaUt afflnis — founded upon the teeth alone, should be abolished, and both teeth and vertebra 
assigned to Cameiopardalis sivalensit, 

Cameiopardalis sivalensis, according to this view, was an animal furnished with molar teeth 
(and probably with a cranium) of the same size as those of the living Cameiopardalis giraffa ; its 
neck, however, was one-third shorter than that of the latter ; it probably took its origin from some 
short-necked form allied to Sivatherium ; while the long neck of the recent species is, as we should 
naturally expect, a specialized character of quite modern origin. 

As according to the above view we have only one species of Siwalik giraffe, the rarity of the 
molan, though still very remarkble, is not so noticeable as if there had been two species. 

Note on Mergcopotamv9. 

M. Nanus, Falc. This species was added to the list of Indian Fossil Mammnlia by Dr. Falconer 
on the evidence of several molar teeth and one premolar from Kushalghar near Attock 
(" Palsontological Memoirs^" Vol. I, p. 416). 

Lately, on looking over the collection containing these specimens, I was surprised to find that 
the molar teeth ascribed to this species do not really belong to the genus Meryeopoiamus at all, 
but to the genus Doroaiherium : (on a hasty examination it would be possible to mistake the one 
or the other.) 
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The premolar tooth doei^ however, belong to Meryeopoiammt, and eeemi to be quite of the same 
form and size a« the correspondiug tooth of Mmyeopotawmu dittimUit, 

It will therefore be neceMaiy to remove this new species of MmrifeopoiamMM from the list of 
Attock fosstlsy as given by Falconer, since it is founded only on the above-mentioned molars. I shall 
figure these teeth of Doreathermm in a subsequent paper on Siwalik Euminants. 



P. /8.— Since writing the above I have to add an Edentate allied to Manb. but larger, to the 
Bind fossil Fauna; the specimen oonsists of a phalange of the third digit of the manus. 



DONATIONS TO MUSEUM. 

Apbil to June 1876. 

Vonort.' 

Specimen * blue lias,' England ... ... J* Bkckbum, Esq., x.i.,c.B., Manager, 

Oriental Gas Works, Calcutta. 
„ ' Cannel* Coal, Wigan Co., England m. ' Ditto ditto. 

Coal-tar, pitch *», ... Ditto ditto, 

patent fuel, made at the Oriental Qas Ditto ditto. 

Works, Calcutta. 
Limestone from Neemuch ... ... Colonel Crommelin, B.x. 

Series of fossils from England ... ... B. Lydekker, Esq., Cteological Survey 

of India. 
Fossils and rocks from Tibet on the northern road Captain Trotter, B.S., Great Trigono- 
from Laddk to Lhasa, obtained by one of the metrical Survey. 
Pundits. 
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ACCESSIONS TO LIBRARY. 

Feoh 1st Apbil to SOth Juhx 1876. 
Titles of Books. Donors, 

AxxoN. LuBWio yoK. — Die Jura — Ablagerungen, (1876), 8vo., Munich. 

Annuaire du Club Alpin Frangais, 1874, vrith map, (1875), 8vo., Paris. 

Babbtow, Wm.— Sulphurets, (1867), 8vo., London. 

Bbllbw, H. W. — ^Kashmir and Kashgar, (1876), 8vo., London. 

Bbakbib, Db. D. — ^niustrations of the Forest Flora of North-West and Central India, 

(1874), 4to., London. 

Brush, Gbobgb J. — ^Manual of Determinative Mineralogy, (1875), 8vo., New York. 

Catalogue of the Hunterian Collection in the Museum of the Royal College of Surgeons in 

London, Pt I, (1830), to Y, (1831), 4to., London. 

Dana, Jahbb D.— The Geological Story briefly told, (1876), 8vo., New Tork. 

Dawsok, J. W.— 'Life's dawn on earth, (1876), 8vo., London. 

Descriptive and illustrated catalogue of Comparative Anatomy contained in the Museum of 

the Royal College of Surgeons, Vols. I (1833), to Y, (1840), 4to., 
London. 

Dbbw, F. — The Jummoo and Kashmir Territories, (1876), 8vo., London. 

Enduchbb, SrBPHAiiO.— Genera Plantarum secundum ordines naturales disposita, Nos. I 

(1836), to XIX (1840), and Supplement 1—3 and 4^ pt. 2, (1842* 

47), 8vo., Yienna. 
„ „ —Synopsis Coniferamm fossilium, (1847), 8vo., Sangalli. 
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Titles cf Books, Donors. 

SmirasHAUflBir, Pbof. B. tov.— Beitiii^ zur kenntaisB der FlSohan-Skelete der 

Famkrauter, Th. I and 11. (1862—1864), 4ta, Yienoa. 
FoSTBB, M., AND BiLPouB, F. M. — The Elements of Embryology, (1874), 8vo., London. 

B. Ltdbkebb. 

HurxBT, Sylyajtub, avd Thbobald, Wk.— Conchologia Indica, Ft YIII, (1876), 4to» 

London. 

Hbath, C. — Practical Anatomy, (1869), 8yo., London. 

B. Ltdbkeeb. 

Hbbmann, D. L. — ^Elements of Human Physiology, (1876), 8vo., London. 

HuxLBY, T. H., AS'D Mabtiv, H. N. — ^A coarse of practical instmction in Elementary 

Biology, (1876), 8vo., London. 
KuBZ, S. — Preliminary Beport on the Forest and other y^;etation of Pega, (1875), flsc., 

Oalcutta. 

Thb Authob. 

Manual of the' Natural Histoiy, (s^logy and Physics of Greenland, &c., for the Arctic 

Expedition, (1875), 8to., London. 

Mbbk, CoNBAi>.-^£xcayation8 at the Eesslerlock near Thayng^n, Switzerland, (1876), 8iro. 

London. 

Meunibb, Yictob. — Les Ancdtres d'Adam, histoire de I'homme fossile, (1875), 8iro., Paris. 
Mitchell, John. — A Manual of Practical Assaying, 4th Edit., (1873), 8iro., London. 
Beport on the Progress and Condition of the Boyal Gardens at Kew during 187^ (1874) 

8vo., Kew. 

The Dibectob, Kew Gabdehs. 

Savdbbbgeb, Db. C. L. F.— Die Land and Sttsswasser-Conchylien der Yorwelt (Schlussheft), 

(1870—75), 4to, Wieshaden. 

Sabgeaust, Capt. B. A.— Notes on the climate of the Earth, past and present, (1875), 8to. 

London. 
ScHAFHAULT, Db.— Gkognostische Untersuchungen des Sudhayerischen Alpengehirges^ 

(1851), 8vo., Munich. 
BcBOFE, G. P.— Yolcanos, (1872), 8yo., London. 
8ue88, Eduabd.— Die Entstehung der Alpen, (1875), 8vo., Yienna. 
Tball, J. J. H.— The Potton and Wicken Phosphatic Deposits, (1875), 8vo., Cambridge. 
Wabbbit, G. K. — ^An essay oonceming important physical features exhibited in the valley 

of the Minnesota Biver, and upon their signification, (1874), 8vo., 

Washiogton, 

The Authob. 

Wilson, Anbbew.— The Abode of Snow, (1876), 8vo., London. 

« 

PEBIODICALS, SEBIALS, Ac 

American Journal of Science and Arts, 3rd Series, Yol. XI, Nos. 62 — 65, (1876), 8iro., 

New Hayen. 

The Editobs. 
Annaies des Mines, 7th Series, Yol. YIII, livr 4—6, (1875), Sto, Paris. 

L'AdHIES. DBS MlVES. 

Annals and Magazine of Natural History, 4th 8erie% Yol. XYII, Nos. 99^101, (1876), 

8vo., London. 

Axehiv fur Naturgeschichte, Yol XLII, heft 1, (1876), 8vo., Berlin. 
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Titles of Books. Donors. 

Bibliotb^ue Universelle et Beyne SuisBQ, Vol. LIY, Nos. 216—220, (1876), 8vo., Laosanne. 
Bibliotb^ne Uniyerselle et Berne Suisse, Arehiyes des Sciences Physiqnes et Natnrelles, 

Vol. LIV, Nos. 216—219, (1876), 8yo., Geneva. 
Geographical Magazine, Vol. Ill, Nos. 3 — 6, (1876), 8yo., London. 
Geological Magazine, New Series, Decade II, Vol 111, Nos. 3 — 5, (1876), 8yo., London. 
Geological Record for 1874, (1875), 8yo., London. 

Jonmal de Conobyliologie, 3rd Series, Vol. XVI, No, 1, (1876,) 8vo., Paris. 
London, Edinburgh and Dublin Philosophical Magazine and Journal of Science, 6th Series, 

Vol. 1, Nos. 3—5, (1876), 8yo., L»*ndon. 
Mabtini und Chbmkitz.— donchjlien Cabinet, Lief. 243-246, (1876), 4to., NtLrnberg. 
Monthly Beports of the Department of Agriculture for 1874, (1875), 8yo., Washington. 

Dbfabtmbut, Agbicultubb, U. S. A. 
Nature, Vol. Xm, Nos. 332—344, (1876), 4to., London. 
Neues Jahrbuch fiir Mineralogie, Geologie und Palsontologie, Jahrg,. 1876, hefb 2 — 3, 

(1876), 8yo., Stuttgart 

Palraontogiaphica, Bd. XXI, lief. 7, 8, XXIII, lief. 7, 8, (1876-76), 4to., Cassel. 

Fbtbbmakn, Db. a.— Geographische Mittheilungen, Bd. XXll, Nos. 2—4, (1876), 4to., 

Gotha. 
„ „ A.— Geographische Mittheilungen, Supplement No. XIV, (1876), 4to., 

Gotha. 

Poggendorff, J. C— Annalen der Physik und Chemie, Band 167, Nos. 1—4, (1876), Svo., 

Liepzig. 
Professional Papers on Indian Engineering, 2nd Series, Vol. V, No. 20, (1876), 8yo., Boorkee. 

Thomason Colleob of CiyTL Ekoikebbino. 

Quarterly Journal of Microscopical Science, New Series, No. 62, (1876), 8yo., London. 

Quarterly Journal of Science, Nos. XLIX to L, (1876), 8yo., London. 

The Athen»um, Nos. 2624—2636, (1876), 4to., London. 

The Colliery Guardian, Vol. XXXI, Nos. 793—804, (1876), fol., London. 

The Mining Journal with Supplement, Vol. XLVI, Nos. 2116—2127 (1876), fol., London. 

GOVEBNMENT SELECTIONS, &o. 

Htdbbabad. — Administration Beport of the Besident at Hyderabad for the year 1874-76, 

(1875), 8yo., Hyderabad. 

Thb Bbsidbnt. 

„ Beport on the Surrey and Settlement Operations in the Hyderabad Assigned 

Districts for the year ending 31st October 1876 (1876), 4to.r 
Hyderabad. 

Ditto. 

Ikbia- — General Beport on the Beyenue Suryey Operations of the Upper and Lower Circles 

for 1874-76, (1876), flsc., Calcutta. 

Thb SuBysT. 

„ Lists of Officers in the Survey Departments on the let April 1876, (1876), flse., 

Calcutta. 

Dbpt. BsysNUB, Agbicultubb akd Commbbcb. 
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India. — Synopsis of the Besnlts of the Operations of the Great Trigonometrioal Survey of 

India, Vol, VI, (1876), 4to., Dehra Doon. 

The Suevbt. 

„ Walkbe, Col. J. T. — General Report on the Operations of the Great Trigono- 
metrical Surrey of India during 1874-76, (1876), fisc., Dehra 
Doon. 

The Subtet. 

Mysobe. — ^Beport on Puhlic Instruction in Mysore for 1874-76, (1876), 8vo., Bangalore. 

Chief Commissigneb op Mtsobb. 

„ Beport on the Administration of Mysore for 1874-76, (1876), 8vo., Bangalore. 

Ditto. 

TRANSACTIONS, PROCEEDINGS, Ac, OP SOCIETIES. 

Albabt. — CoLYiv, V. — Report on the Topographical Survey of the Adirondack Wilderness 

of New York for 1873, (1874), 8vo., Albany. 

V. CoLViK, Esq. 

„ First Annual Report of the Commissioners of State Parks of the State of New 

York, (1874), 8vo., Albany. 

Ditto. 

Belfast. — Proceedings of the Belfast Natural Histoiy and Philosophical Society for 

1874-76, (1876), Svo., Belfast. 

The Socibtt. 

Beblik. — Monatsbericht der konig. Preuss. Akademie der Wissenschaften zu Berlin, Decem- 
ber 1876, January, February, 1876, (1876-76), 8to., Berlin. 

The Academy. 
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Zeitschrif t der Deutschen Geolc^chen Gesellschaft, Band XXVII, heft 3-4, (1876), 

8vo., Berlin. 

The Socibty, 

Bombay. — Journal of the Bombay Branch of the Royal Asiatic Society, Vol. XI, No. 32, 

(1876), 8to., Bombay. 

The Society. 

Boston.*— Annual Report of the Trustees of the Museum of Comparative Zoology at 

Harvard College in Cambridge for 1874, (1876), 8vo., Boston. 

Museum of Compabatiyb Zoology. 

„ Jeep bibs, Wymak. — ^Memorial Meeting of the Boston Society of Natural History, 

Oct 7th, (1874), 8m, Boston. 

The Society. 
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Memoirs of the Boston Society of Natural History, Vol. II, pi III, Nos. 3-^, 

and Vol. II, pt. IV, No. 1, (1874-76), 4to., Boston. 

Ditto. 

Proceedings of the Boston Society of Natural History, Vol. XVI, pts. 3-4, and 

Vol. XVII, pts. 1 & 2, (1874-76), Svo., Boston. 

Ditto. 
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TiitM of Books. Donors. 

B08TOK. — Proceedings of the American Academy of Arts and Sciences, Yol. YI, pp. 

237—666, VII, Vni, pp. 1—136, and New Series, VoL II, 
(1866—76), 8vo., Boston. 

Thx Acaoxxt. 

„ The Ctmiplete Works of Count Romford, Tol. IT, (1875), 8vo., Boston. 

Ditto. 

BuDA, Pbsth. — Mittheilangen ans dem Jahrbnohe der kon.-^Ungarischen Oeologischen, 

Anstalt, Band IT, heft 2—3, (1876), 8yo., Bnda Pesth. 

Thb Institittx, Hukoabt. 

BuBNOS Atbxs.— Anales del Mnseo Publico de Buenos Ayres, Yol. II, pt. 12, (1870-74) 

4to., Buenos Ayres. 
BuTFALO.— Bulletin of the Buffalo Society of Natural Sciences, Yol. II, No. 4, and Yol. m. 

No. 1, (1876), 8vo., Buffalo. 

Thx Socibtt 

Calcutta. — Journal' of the Agricultural and Horticultural Sodety of India, New Series, 

Yol. lY, pt. I, (1873), 8V0., Calcutta. 

Thb Socxxrr> 

„ Journal of the Asiatic Society of Bengal, New Series, Yol. XLIY, pt. II, No. 3, 

and XLY, pt. I, No. 1, (1876-76), 8to., Calcutta. 

Thx Socibty. 

n Proceedings of the Asiatic Society of Bengal, Nos. 3-6 (1876), 8vo., Calcutta. 

Ditto. 

Cambbipox, Mass. — ^Illustrated Catalogue of the Museum of Comparative Zoology at Harvard 

College, No. YIII. Zoological results of the Hassler Expedition, 
(1876), 4to., Cambridge. 

MUSXUX OF COMFABATITB ZoOLOOT. 

QoFB^HAOXX.!— Memoire de V Acad^mie Royale de Copenhagen, 6th Series, Yol. X, Nos. 7-9, 

YoL XI, No. 1, and Yol. XII, No. 1 (1876), 4to., Copenhagen. 

Thx Acadbxt. 

n Oversigt over det kong. danske Yidenskabemes Selskabs, 1874, No. 3, and 

1876, No. 1, (1874-76), 8vo., Copenhagen. 

Ditto. 

DftX8DBN. — ^Nova Aota AeademiiB Cs^saress Leopoldino Carolime Germanic» Natuns 

Curiosorum, Band XXXYII, (1876), 4to., Dresden. 

Thx Acabxkt. 
n Leopoldina, heft X (1874), 4to., Dresden. 

Ditto. 

if Sitzungsberichte der Naturwissenschaitlichen GeseUsGhaft Isis in Dresden, Jahrg. 

1876, July to December (1876), 8vo., Dresden. 

Thx Socixtt. 

Dublin.— Journal of the Royal Dublb Sodety, YoL YII; Na 1» (1876), 8vo., Dublin. 

The Socixtt. 
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Edinbdbgh.— Proceediags of the Boyal Society of Edinburgh, Vol. VIII, No. 90, (1874-75), 

8vo., Edinburgh. 

The Soczbtt. 
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InmeactionB of the Royal Society of Edinburgh, Vol. XXVII, pt. 3, (1874.76), 

4to., iBdinbnrgh. 

Ditto. 

Transactions of the Boyal Scottish Society of Arts, Vol. IX, pt. 3, (1876) 

8vo., Edinburgh. 

The Socibtt. 

FsANKFOBT.— Abhandlungen von der Senckenberglschen Naturforsohenden Gesellschaft, 

Band IX, heft 4, (1876), 4to., Frankfort. 
GoTTiNOBN. — ^Abhandlungen der koniglichen Gesellschafl der Wissenschaflen zu Gottingen, 

Vol. XIX, (1874), 4to., Gottingen. 

Thb Society. 
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Nachrichten von der k. Gesellschaft der Wissenschaften aus dem Jahre, 1874, 

(1874), 8to., Gottingen. 

Ditto. 

Jbffbbson Citt. — Bboadhbad, G. C— Report of the Geological Survey of the State of 

Missouri for 1873-74^ with Atlaa, (1874), 8vo., Jefferson City. 

Thb Subybt. 

KoKiosBEBO. — Beitrage zur Naturkunde Preussens, Vol. I, (1868), to Vol. Ill, (1874), 4to., 

Eonigsberg. 

The Societt, KdviOBBEse. 

„ Schriften der Physikalisch-Okonomischen Gesellschaft zu Eonigsberg, Jahrg. 

I, Abth. 2, II, and IV— XV, (1861—1874), 4to., Eonigsberg. 

The Socibtt. 

Lausanne. — Bulletin de la Soci6t^ Vaudoise des Sciences Naturelles, 2nd Series, VoL XIV, 

No. 76, (1876), 8yo., Lausanne. 

The Societt. 

London.— Journal of the Anthropological Institute of Great Britain and Lreland, Vol. V, 

Nos. 2-— 4, (1876-76), 8to., London. 

„ Journal of the Chemical Society, Vol. XXVIII, December (1876), and XXIX, 

February (1876), 8vo., London. 

The Societt. 
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Journal of the Royal Asiatic Society of Great Britain and Ireland, New Series, 

Vol. VIII, pt. 1, (1876), 870., London. 

The Societt. 

Proceedings of the Royal Society of London, Vol. XXIV, Noe. 164—167, (1876), 

8vo., London. 

The Societt. 

Proceedings of the Royal Geographical Society of London, Vol. XX, Nos. 1—3, 

(1876), 8vo., London. 

The Societt. 

Shabf, R. B.— CaUlogue of the Birds in the British Museum, Vol. II, (1876), 

8vo, London. 

Bbitibh Musbum. 
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Titles of Boohs. Donors, 

Manchbstbs.— -Transaotions of the Manchester Geological Society, Vol. XIV, pt 2, (1876), 

8vo., Manchester. 

Thb Society. 

Mblbovbnb. — ^Reports of the Mining Surveyors and Begistrars for quarters ending 30th 

September and Slst December 1875, (1876), flsc., Melboome. 

GoYT. Mining Defabtmbnt, Yictobia. 

Milan.— Memorie dell' I. R. Istitnto Lombaido, Vol I, (1843), to XII, (1873), 4to., Milan. 
Moscow. — Bolletin de la Soci^t^ Imp^riale des Natnialistes de Mosoon, Vol. XLIX, No. 2, 

(1876), 8yo., Moftcow. 

Thb Socibty. 

Munich. — Abhandlangen der math. phys. classe der E. B. Akad. der Wissenschaften za, 

Munchen, Bund XII, Abth. I, (1876), 4toM Manich. 

Thb Acadbmt. 

Almanach der E.. B. Akademie der Wissenschaften fiir das Jahr., 1876, (1876), 

8vo., Manich. 

Ditto. 

Buchnbb, Db. L. A. — ^Ueber die Beziehungen der Chemie zor Bechtspflege, 

(1876), 4to., Manich. 

Ditto. 

Sitznngsberichte der math. phys. classe der E. B. Akad. der Wissenschaften, 

zu Mtinchen, 1874, heft 3, and 1876, heft 1 and 2, 8vo., Manich. 

Ditto. 

Paris. — Bulletin de la Soci^t^ Geologique de France, Srd Series, Vol. II, pp. 689<— 734^ Vol. 

m. No. 8, and IV, No, 1, (1874-76), 8vo., Paris. 

Thb Socibtt. 

New Zbalanb. — Hbctob, Jambs. — Tenth Annual Report of the Colonial Museum and 

Laboratory for 1874-76, (1876). 8vo., New Zealand. 

Gbol. Subybt of Nbw Zbaland. 

Pabis.— Bulletin de la Soci^t^ Geologique de France, 3rd Series, Vol. II, pp. 689—734, 

Vol. Ill, No. 8, and IV, No. 1, (1874-76), 8vo., Paris. 

Thb Socibtt. 

Philadblfhia. — Journal of the Franklin Institute, 3rd Series, Vol. LXXI, Nos. 3—6, with 

Supplement for February, (1876), Svo. and 4to., Philadelphia. 

Thb Institxttb. 

„ Proceedings of the American Philosophical Society, Vol. XIV, Nos. 93 & 94, 

(1874-1876), 8yo., Philadelphia. 

Thb Socibtt. 

„ Transactions of the American Philosophical Sodety, New Series, VoL XV, 

pt 2, (1876), 4to., Philadelphia. 

Ditto. 

Bomb.— Bollettino R. Comitate Geologico d' Italia, Nos. 1—4, (1876), 8vo., Rome. 

Thb Gbological Commission. 

Salbm, Mass.— Bulletin of the Essex Institute, Vol. VI, (1874), 8vo., Salem. 

Thb Institutb. 
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St. Pbtbbsbubo.—- Bulletin de I'Academie Imp^riale dee Sciences de St. Fetenbourg, 

Vol. XIII, No. 3, (1868), 4to., St Petenboorg. 

Thb Acadbmt. 

„ Memoires de rAcademie Imp^riale des Sciences de St. Petersbonrg, 

7th Series, Vol. I, (1869) to XXII, pts. 1—7, (1874). 4to., St. 
Petersbourg. 

Stock HOLM.^Bihang till kongl. Srenska Vetenskaps— Academiens Handlingar, Band I & II, 

(1872—1875), 8vo., Stockholm. 

Thb AcADBitT. 

M Kongliga Svenska Yetenskaps— Academiens Handlingar, Band IX, X, and 

XII, (1870—1873), 4to., Stockholm. 

Ditto. 

„ Lefhadsteckningar of 7er kongl. Svenska Yetenskaps-^ Academiens, Band I 

heft '2, (1873), 8yo., Stockholm. 

Ditto. 

Meteorologiska lakttagelser i Sverige, Band XII— XIY, (1870—1872), 4to., 
Stockholm. 

DlPTO. 

„ Ofreisigt af kongl. Yetenskaps — Akademiens Forhandlingar, Yol. XXYIII, 

(1871) to XXXI, (1874), 8yo., Stockholm. 

Ditto. 

Toronto. — Canadian Joomal of Science, Literatore and Histoiy, New Series, Yol. XIY, 

No. 6, (1876), 8yo., Toronto. 

Canadiak Institxttb. 

Ybnicb.— Memorie dell' I. R. Istitato Yeneto, YoL YT, pt. 2, (1867), and XII, pt. 3, (1866) to 

XYII, 3, (1873), 4to., Yenice. 

YiBNNA.— Abhandlangen der k. k. Geologischen Reichsanstalt, Band YI, heft 2, and YII, 

heft 3, (1876), 4to., Yienna. 

The Ikbtitutb. 



}» 
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i» 



>» 



Jahrbuch der k. k. Geologischen Beichsanstalt, Band XXY, Nos. 3 & 4, 

(1876—1876), 8vo., Yienna. 

Ditto. 

Yerhandlnngen der k. k. GkologLschen Beichsanstalt, Nos. 11 — 18, (1875), 

8vo., Yienna. 

Ditto. 

Denkschriften der k. Akad. der Wissenschaften, Band XXXIY, 4to., Yienna. 

Thb Acadbmt. 

SitzuDgsberichte der k. Akad der Wissenschaften, Bd. LXX, Abth. I, heft 3 — 6 * 

Abth. II, heft 3—6. Abth. lU, heft 3—6 ; Band LXXI, 
Abth. I, heft 1—5, Abth. II, heft 1-2, Abth. Ill, heft 1—6, 
(1876), Svc, Yienna. 

Ditto. 
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Titles of Books, Donors. 

Washinoton. — Annual Beport of the Board of RegentR of the SmithBonian Institute tbr 

1873 -1874, (1874—1875), 8vo., Washington. 

The Institutb. 



» 



ji 



*f 



CoPB, B. D. — Beport of the United Staten Geological Survey of the 
Territories, Yol. II: The Vertebrata of the Cretaceous Formations 
of the West, (1876), 4to., Washington. 

P. V. Hatdbit, Esq. 

Elliot, Couiw. — U. S. G. S. — Miscellaneous Publications No. 3. Birds of 
the North.West, (1874), 8vo., Washington. 

Ditto. 

Hatdbv, F. v. — Annual Report of the United States Geological and 
Geographical Survey of the Territories, (1874), 8vo., Washington. 

Ditto. 

Exploration of the Colorado River of the West and its tributaries explored 
in 1869—1872, (1876), 4to., Washington. 

Smithsonian Institutb. 

„ PowBLL, J. W. — Report of the explorations in 1873 of the Colorado of 

the West and its tributaries, (1874), 8vo., Washington. 

Ditto. 

ToBK. — Annual Report of the Council of tHe Yorkshire Philosophical Society for 1874, 

(1876). 8vo., York. 

Thb Societt. 

„ Communications to the monthly meetings of the Yorkshire Philosophical Society, 

(1873), 8vo., York. 

Ditto. 
MAPS. 

Bbadlet, F. H.— Geological Chart of the United States, (1876), Washington. 

F. H. Bbadlby, E;iq. 

Ramsay.— Orographical Map of the British Isles (1876), London. 
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NOTSB ON THB AOS OF SOMB FOSSIL FLOBlS IV InBIA* 5y OlTOKAS FxiSTXAHTSK, K. D., 

Geological Survey of India. 
VI, VII AND VIII, 

VI.— On the homotaxis of tHE Gondwana Ststbx. 

In the last number of the Records (supra p. 79) there is a clearly written paper by my 
colleague Mr. W. T. Blanford, calling in question the general value of geological homotaxia 
as drawn from the fossil remains of tetrestrial life, and based upon an analysis of the 
evidence for the age of our Gondwana series. The general question may safely be left to 
time for settlement. I have no fear that the higher forms of animal and of vegetable life 
can fail to take their due place in the adjustment of the records of the earth's history — a 
place proportionate and analogous to their importance in the world ; and I therefore regret to 
see the question brought forward in the unbecoming and unreal aspect of a dispute between 
geologists and palasontologists. 

Regarding the particular case, there is much to be sud in correction of it as stated by 
Mr. Blanford. Perhaps I owe some apology for having left it possible to be so stated ; but 
I had no idea that this discussion would be so precipitately raised, while still the materials 
for it are under examination. I might otherwise, in the notes already published, have 
anticipated some of the most serious objections brought forward in the paper under notice. 
I had postponed these niceties of detailed compariste till the data for it were more com- 
pletely worked out, being content to state broadly the fades of each local flora. I must^ 
however, as briefly as possible, remedy that omission of mine. In doing so it will be neces- 
sary to mention undescribed fossils ; which, however, I describe shortly in an adjoined paper* 

As to the Kach group, I had already fully noticed ( supra 'p. 29) as a ''palffionto- 
logical contradiction" the discrepancy between the homotaxis of ihe group as derived from the 
plant remains, and as judged from the fossil cephalopoda, when we find strata with a middle 
Jurassic flora intercalated with and overlying strata with four cephalopoda of Portlandiaa 
affinities. It would indeed be rash to question the determinations of the cephalopoda by 
Dr. Waagen \ but it must not be forgotten that all the fossil mollusca and other fossils are 
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not yet critically examined ; and it is very possible that the full examination of \he fauna may 
modify the stratigraphical relations as deduced from the cephalopoda, and then the " palax)n- 
tological contradiction" would not be so strong. To show this, and to explain my point of 
view, the following observations may be given : — 

1. — There are certainly some mollmca that are generally of older age than Portlandian, 
passing into the higher beds of Kach. 

a. — I may mention only from the Umia group (which contains the Fortlandian cephalo^ 
poda) the very frequent occurrence of — 

Goniomya- V'Scripta, which mostly occurs in middle Jurassic beds in Europe. 

Astarie major, Sow., very near with Astarte maxima, Om., from Middle Jura in Ger- 
many. 

A Trigonia near Trigonia Van, Sharpe, from Jurassic beds on the Sunday River in 
Africa. 

A Qimiomya scarcely different from Ooniomya inflata, Ag., a Middle Jnrassic forrn^- 
also related with Goniomya rhomhifera, Goldf., from Liassic strata. 

A 7}rigonia very near to 2W^. Herzogii, Hausm, from Enon on the Sunday River in 
South Africa. 

Some l^igonia allied with Tr, ventricosa in South Africa. 

A portion of the lower jaw junction of a Plesiosaurus, which has mostly allied forma 
in the English Lias — found near Borooria in the Umia group. 

b. — From the Charee and Katrol beds of Kaoh, which are especially taken as represent- 
ing the Oxford group and Callovian, we have especially to mention Monotis ijuequivalvitj 
Sow., in Europe generally of Liassic age — here in the Charee beds. 

Monotis Miinsteri, Goldf., generally in Europe from Middle brown Juri^— here in the 
Katrol group which is taken as representative of the Upper Oxford group. 

Para«ttc^t<«, a vertebra of that Crocodilian fossil which is looked upon as Triassie, 
and which occurs frequently with the Jabalpdr flora near Mal^ri, which latter is identical 
with our Each flora. 

Near Nurha, in the Katrol beds (therefore below the common plant horizon X the follow- 
ing fossil plants occur : — 

Spkenopieris arguta, L. & H., from Inferior Oolite in England — In Lidia txxoiB 
in the Rajmahal Series (Rajmahal Hills) and in the Jabalpur group. 

Alethopteris Whitby ensis. Go pp., in the form as Pecopteris tenuis, Bgt., from 
Inferior Oolite in England. Also at Kukurbit and in the Jabalpur group. 

Otozamites comp. contiguus, Fstm. — A similar form from Kukurbit. 

Araucarites Kackensis, Fstm. — a smaller specimen of this frequent species at 
Kukurbit and in the Jabalpur group. 

These plant remains are mostly identical with the others from Kach and the Jabalpdr 
group. 

2. There is a great afBnity of 8ome of the fossils in the uppermost beds of Kaoh with 
forms from the South African strata on the Sunday and Zwartkop rivers as already men- 
tioned i and also Dr. Waagen* refers a Trigonia from the Umia beds to the TSig, venin* 
cosa, Kr. 



* f aU Indica ; Jorassiw CepbalopgUa g£ jiftcb, p. 297t 
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It 18 trae those beds wbvb first snpposed by Mr. Eraoss* to be lower cretaceoas ; bat 
thu has been shown to be wrong by MM. Bain>t Sharped and Tate.J Mr. Bain considered 
those beds as Liassio ; Mr. Sbarpe, however, and Mr. Tate declared them from the whole 
of the fossils to be analogous with the great Oolite in England. Also Dr. Waagen speaks of 
them as Jurassic. With the fossils of those strata many of the moUosca in the uppermost 
strata of Kach are identical, or very nearly. 

Thus it woald seem that the decbion from the four Portlandian cephalopoda may not 
be final ; but if that determination should be confirmed by the whole marine fanna, I will 
willingly accept the decision, as I have already done in the anal<^us case of the upper coal 
seams of Bohemia, where the gas-shale contains Permian animals with a carboniferous flora. 

I would next notice some points relating to the lower dondwana groups, upon which 
Mr. Blanfoid's conclusions were rather premature. It will appear^ 

a.— That the contrast between the floras of the upper and lower groups of the 
Gondwana system is not so very decided ; no more so than between the 
Jurassic and Tnassic formations elsewhere. 

b. — That the affinities of our Damuda flora with that of the mesozoio epoch and 
especially of the triassic formation are overwhelming ; and that the argu- 
ments for this conclusion are not derived &om three species discovered only 
last year. 

c— That the analogy with the flora of the lower coal strata in Australia is com- 
paratively weak. 

tL'^Belation of tie florae of the upper and lower Oondtoana grompe. 

That there is a certain contrast between the flora of the lower and upper portion of the 
Oondwana Series is, as I think, quite natural, both belonging to distinct formations ; the 
former considered by me Triassic, the latter being Jurassic; but I think the break is not more 
.distinct than between Trias and Lias, or between Trias and Oolite, or even between Bhstio 
and Oolite in any country. 

We find, for instance, scarcely any identical species in the Buntsandstein of the Vosges 
and in the Lias of the Alps or in the Oolites of England, and we find also no species identical 
in the Bhsetic strata and the Oolitic strata of England. 

The triassic strata of the Vosges are, as everybody knows, marked especially by 
Sehizoneura and some of the Coniferoue genera as Voltzia and Alhertia. None of these 
occur in Lias or Oolite in Europe ; and the Cycade in the European Trias also are very rare, 
although not wanting. 

Here in India the relation or the passage between the upper and lower portion of the 
Gondwana Series is pahsontologically much better marked — 

a.<— Indirectly, or by the strata themselves, and especially through the Panchet 
group. 

This contains some rhaetic fossils, which formation is alto«rether a transitive 
group between the Trias and Lias ; our Rajmahal beds being of this latter 

• Nova AeU Lecpoldina Ac. Nat. Curioa., Vol. XXII. Part II, p. \SfS ff., PI. 49, f. 1, 

t Trannct. Qeol. Soc, Londou, Vol. VII. Snd Ser., p. 176 ff., PI. XXII, etc. 

X On South African fossilB : Qoait. Jour. GeoU 8oc.. 1807, p. 110 11, Pit. V— IX» 
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age.* The Damndas again are closely connected with the Fanohet group 
by that yery well marked fossil Sohizoneura Oondwanenns, Pstm., which 
is so frequent in both, and which has its only relations in the European 
Trias. 

h, — ^Directly by fossils. — There are several forms which aie common to boti|» or, at 
least, which are represented in both. 

There are amongst the TteniopteridecB two forms which are very near to some from 
the Rajmahal Hills, Mdcrotceniopteris danaoides:f being very near to 
Maerot. latci, O. M., Takr.'muga/olia; both occur very frequent; and soma 
other specimens from Eamthi being near, if not identical with Anffiopteridium 
McClellandi, 0. M., from the Bajmahal Hills. (This we find in Sir 
Charles Bunbury's paper^ as Taniopi, datuBoides 1 McClell.) Both these 
TiBiUopteris are found together with the common Olosiopteris, 

Amongst the Pecopteridet there is JlUthopUrit Lindleyanat Boyle, and another 
form, lately brought by Mr. Wood-Mason from Raniganj (see further on), 
which belong to the same group as the Aletkopteris indica, O. M., from the 
Bajmahal Hills ; it is to the mesozoic group of AlethopterU WhUbytnns 
Gopp. 

Cyeadeacem in the lower groups are also not wanting at all, since we know 
that there is a N(Bggeratkia Jffislopi, Bunb., from several localities, a 
Naggerathia Vosgesiaea, Broun, from the Ck>davari District, and a Olos^ 
sozamites from the Karharb&ri coal-field. (For these species see further on). 

Of course it may be said again that these are genera of wide range, but yet the species are 
^stinct, so is the Mcicroianiopteris lata and danaoide* well distinct from Taniopt, 
ahnormU or Qermari or multinervii in the Carboniferous ; also AUtkopt, WhiibgenHa and 
lAndlegana from AUthopi. Serli or pterotdes in the Carboniferous; and Ncfggeraikim 
SUlopi and Vosgesiaea from NiBggerathiafoliosa, Stbg,, from the coal-meaaures. 

There are, moreover, all the other mesozoic relations, as JPhgllotheea, AcHncpteris^ 
Sagenopteris, &c., which are represented in Jura and Khstic, or in the middle meeozoio 
epoch of Europe, to which latter the upper portion of our Goudwanas is to be referred. 

b — The affinities qf our J)amuda flora wi^A that qf the mesozoic and especiallg 
triassic epoch. 

The first critical discussion of the Damuda flora was given, 1861, by Mr. 01dham§ and 
later again, 1865, || where it was endeavoured to be shown that it had a pakeozoic affinity, 
although Mr. Oldham himself acknowledged the exclusively triassic connection of the so 

'■' ". ' ■ ■ ! ■ ■ I J I ■ _ ,.■■, J I , . , , , .1 . ■ , 

* Messrs. Oldham and W. T. Blanford haye stated this too. Mr. Blanford (Mem. Ill, p. 183, Baniganj field) 
■ays platnly " that the ^anAtt S«rie$ represents a period of time intermediate between that of the other two groap^ 
{Damada and Bajmahal "), and Mr. Oldham (I. c., p. 204) s^ys- 

"The marked break between the Bi^mahal and the Damnda rocks, as proved by the total ohan^ in thei» 
flora, has now, to a certain extent, been filled up by the establishipent of the JPmteM gm^ or Mb-dMaiou imUrmti 
dMs MtMtH tht tmo," 

t Known already by Itoglt and licCUUand, Uter brooght fttm 9ttrgo, Ranigai\J, and lately agalA t^rcm 
Ifamigaoj' 

I Qnart Joom. Geolog. Soc, XVII : Flora of Kagpnr. 

§ Memoirs, Oeological Sanrey, India, Vol. II, p. 824 U §eq. 

H Mfimoin^ Qeologkal Surr^, India, Vol. lU. p. 208 d ttq. 
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frequent geniu ScAizaneura, Already, 1861, in a paper by Sir Charles ; Banbury* (p. 346), 
strong doubts are expressed at to this supposition, and the flora of Nagpdr and Burdwan 
oonsidered rather mesozoio. 

In the fifteen yean which elapsed 'since that date, the collections have increased 
greatly, and we have in all the special collections unmistakable evidence for the supposition 
of M. Bunbury at to the mesozoio, and, as I add, triassic age of the Damuda flora. 

Already in the old collections from Baniganj there were proofs enough. There were 
Sckizoneura very frequent, there were one or two Sagenopteris, Presl., Glossopteru, diflerent 
from those in Australia. From Kamthi there were specimens t)f Taniopteris {Maerotaniop' 
teris and Angiopteridium), of distinct real Phyllotheoa^ like that in the Oolites in Italy; 
there were again a quite difierent Olo99opteri9 from those in Australia, different not only 
by the shape of the leaf^ but especially by the fructification. 

' In 1871 some fossils with mesozoio and also triassic affinities were brought by 
Dr. Stoliczka from Earharb&ri, amongst which Voltzia heterophylla and a Cyclopieris 
anffuttffbUa, McOoy, were at that time determined, and amongst which I have recognised a 
Sagenopierii and a distinct Qlossozamitet, 

Again in 1873 an AetinopUris was obtained from the Baniganj field, and a collection 
from the lower Godavari contained some triassic affinities in Naggercdhia Vosgesiaea and 
meeoKoio affinities in a Sagenopteris near rhoifblia, Fresl. In the season 1873-74, Mr. Y. Ball 
brought firom the Satpura Basin the Triassic Sehieoneura, which was there frequent 
enough. In 1876 we got some interesting species, which are of great importance as 
cumulative evidence for the triassic age of our Damndas, especially as they are just from 
the lowest portion, the Bar&kar group. These important fossils are from Earharb&ri, 
and were presented by Mr. Whitty. T^ey were Neuropterii valida, Fstm., Voltzia hetero' 
phylla, Bgt., Alhertia speciosa, all triassic forms, and Gmngamopteris cyclopieroidest Fstm., 
which is identical with that almost only fossil of the Talchir group, and which has 
relations in the mesozoic beds in Victoria. 

Lately, too, I discovered a real Phyllothnca^ as that from the Oolites in Italy, amongst 
the Baniganj fossils. And quite recently Mr. Wood-Mason brought a rather valuable suite 
of fossils from Baniganj contuning further proofs of mesozoio age. I mention especially 
VerUhraria, Sagenopteris peduncuhUat F8tm.,t AhthopU Lindleyana, fructificans, 
fmother Alethqpteris of the group of Alethopierig Whitby ensis, and so on. 

To illustrate this relation of our Damuda flora with the mesozoic epoch in general and 
with the triassic epoch specially, I add here a full list of the fossils, as I know them at 
present; they are partly contained in my first note, and the description of others are 
contained in following note, No. VIII ; others will be given in the Journal Asiatic Society, 
Bengal. 

JSQUI8JETACEJE. 

1. Sckizoneura Chndtoanensis, Fstm. — ^Very frequent in the Baniganj group of 
the Baniganj field and in the corresponding Bijori horizon of the Satpura 
i)asin, also in the Panchet group. The only relation is the Tbiassic Schizon. 
paradoxa, Schimp.,^ from the Vosges. Never known from Australia. 

^ Quart. Joor. Oeolog. Soc, XVII : Flon of NagpAr. 

t This and other ■pftcios of Mr. Wood-Mason's ooUectlon will be deaoribed in the Joomalof the Asiatic Society, 
Bengal. 

t The genua ZnfophpUiUi, Bgt, which has been confyised with SeJUtoneura and of which we find a figure in 
Btreleekl's New South Wales (p. 260, PI. VI, f. 6), proves by a thorough examination to be a Zaminm of the genua 
fSamiUg or Fodo€amUt9, and quite difierent from Sckitonettra ,' so also Soggttutkia (W, T. Blanford, 1. c., p, 83 j, is 
no £dUf OMKro. 
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2. Spkenophyllum irizygia, Royle, sp. — from the Raniganj group, Raniganj field, 

and from the Barakars of Talchir in Orissa. — Completely different from all 
palseozoic forms. 

3. Vertehraria indica, Banh. — ^In the whole Damada Series. Some specimens from 

Raniganj prove the relation with Triassic JEquisetacea, In Australia only 
from upper coal-measures. 

4. Phylhtkeea indica, Banh. — The type form in the Eamthi heds, and a specimen 

from the Raniganj field. Nearly allied forms in the Italian Oolite, with 
which Australian forms also are connected. 

6. Other stems of JEquisetaceous plants in many places. 

FILICE8. 

6. Actinopteris Bengalensis, Fstm. — from Raniganj coaLfield. In Europe the 

genus is in rluetic strata. 

7. Neuropteris valida, Fstm. — from Karharh4ri coal-field pretty frequent. The 

only analogous forms are in the TfiiAS of the Yosges; siogle-pinnate 
Neuropterig. 

8. AUthopieris Lindleyana, Royle. — from the Raniganj field. One species of the 

mesozoic group of Alethopteris WhitbyeTisis, Gopp. Lately hroughtin 
fructification hy Mr. Wood-Mason. 

9. Anyiopteridium comp. MeClellandi, 0. M. — from the Kamthi beds, otherwise in 

the Rajmahal Series. 

10. Macroimniopteris datiaoides, Royle, MoClell. — from the Raniganj and Jheria 

fields, pretty frequent, and from Burgo in the Rajmahal Hills (Damudas)— • 
Related with mesozoic forms. 

11. MacroUeniopterig Feddeni, Fstm. — from the Eamthi beds. 

12. Gloggopierig (Taniopteris ?) musafolia, Bunb. — from Kamthi beds, different 

from any Aastralian form. 

13. Glossopi, (Taniopteris r) stricta, Bunb. — from Eamthi beds; not like any in 

Australia. 

14. Qlossopt, indica, Schimp. — from Raniganj and Eamthi ; in the latter place with 

fructification; the globular sporanges in 4-6 rows on the leaf surface. 
Nothing like this in Australia. 

15. Qlossopt, leptoneura, Bunb. — from the Eamthi beds ; an Indian speoies. 

16. Olossopteris — many other species — not common with the Australian beds. 

17. Glossopteris Bruwniana, Bgt. — I must state that I have never seen a good 

representative of this species from Indian rocks. 

18. Sagenopteris pedunculata, Fstm. (Glossopi. acaulis, McClell.) — from the 

Raniganj coal-field, lately brought again by Mr. Wood-Mason. Nothing like 
that known from Australia. 

19. Sagenopteris comp. rhoifolia? Presl. — ^from Eunlacheru in the Qodavari 

District. In Europe in RbsBtic. 

20. Sagenopteris Stoliczkana, Fstm.— -from Earharb&ri coal-field. The genus in 

Europe is Rha3tic and Oolitic. No Sagenopteris is known from Australia. 

21. Gangamopteris angustifolia, McCoy. — from Earharbari coal-field. In Aoa* 

tralia in the mesozoic rocks of Victoria. 
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22. GangamopterU cyclopteroides, Fstm. — from the Barakars in the Karhnrbari 
coal-field and from the Talohirs. The genas in Australia oocars in the 
mesozoic rock of Victoria. 

• 23. Gangamopteris Whittiana Fstm. from Raniganj field. The genus is mesozoic. 

24. Belemnopieris Wood-Masoniana, Fstm. — New genns* and new species, from 
Kaniganj field. 

26. Palaavittaria Kurzi, Fstm., nov. gen. and spec.—from Raniganj field. 

CYCADEACEM. 

26. NoBggerathia Sislajn, Banb. — ^from the Eamthi beds. 

27. NcBggerathia comp. Vosgesiaca, Bronn — from Kunlacheni, Godavari District. 

This species, to which our specimen is very near, is in Europe known only 
from triassic beds. 

28. Glossozamites Stoliczkanus, Fstm. — from Karharbdri coal-field. In £arope 

this genus ranges from Lias to Cretaceous. 

CONIFEB^, 

29. Volizia a4:utijblia, Bgt. — from Karharbdri. 1 . -, 

/In Enrope the most charao- 

80. VolUia heierophylla, Bgt— from Earharb&ri. ^ teristic species of triassio 
31. Albertia speciosa, Schimp. — from Karharb&ri. 



beds. 



From what I have said in this section we can draw the conclusion — 

I%at the Damuda flora exhibits itself quite decidedly as mesozoic and most naturally 
as of triassic age, as out of thirty-one species Jcnoum at present, there are nineteen distinctly 
mesozoic formst of which six species evidently triassic, four species of rhatic, and the 
others qf generally mesozoic affinities. 

But also, the other twelve species, amongst which Glossopteris is represented by six 
species, have no palaozoic affinities ; and of all the species of Glossopteris, only one 
might be identical with one in Australia. 

0. — Wh(U is the analogy of our Damuda Series with the lower coal-measures in 
Australia 9 

This point, as Mr. Blanford truly observes, must be taken into consideration ; but the 
analogy is by no means what he seems to think it. 

Any instructive or conclusive comparison can only be made between series that possess 
fairly represented and characterized flora. For our Damudas this condition can only be said 
to exist in the npper coal-measures in Australia, and in some exclusively plant-bearing rocks 
of Europe. 

I think those palseontologists who declared the whole Australian flora as absolutely 
Jurassic, did not distinguish .the lower and upper portion of the coal-measures. The first 
contains forms which could never support this assertion ; while the upper measures con- 
tain, besides those plants without analogy, some other forms which certainly can justify the 
supposition of a Jurassic age. 

On page 83 Mr. Blanford gave a scheme of the formations in the New South Wales coal- 
field (1, 2, 3, 4, 5, 6). Nos. 1, 2 (Wianamatta and Hawkesbury beds), it is true, have yielded 
114) distinct Glossopteris s but in Tasmaniai from where identical fossils with those of these 
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two beds are known, GloMopteris occurs with Peeopteris Atutralit, Piyllotheea^ and the 
moet important^ with Tatiiopt Daintreei, McCoy. (McCoy : Prodrome, Decad. II, p. 15 : 
Beportof Progress, Geol. Survey, Victoria, 1874, p. 25). 

As to 3 and 4, of which the first are the tipper coal-measures of Newcastle, Mr. Blanford 
himself (p. 83) says, " Nos. 3 and 4 appear to be connected by the presence of GlossopterU 
Browniana in both, although there appears to he a considerable distinction in the flora" ; 
and I would add, No. 3 does not contain any animals, while in No. 4 marine animals are 
found abundantly.* 

On page 84 Mr. Blanford enumerates the species, which, as he considers, are com* 
mon to our Damudas and the Australian beds, and others which are common to the 
Damudas and the triassic rocks in Europe (as I pointed oat). On these I would 
remark^— 

Glossopteris (two or three species identical, W. T. B.) — I think with great 
difficulty we may be able to get only one common species. 

Gangamopteris (the genus only. W. T. B.). — ^This form is not known at aH from 
those beds intercalated with marine fossils, but from really mesozoic beds in 
Victoria, associated with Taniopteris Daintreei, McCoy. 

Vertebraria' (one species identical. W. T. R)— There is as yet no full description of 
the Australian Vertebraria, and that which is known seems to be quite different 
from ours. The greatest portion of our Damada Vertebraria are probably not 
identical with those from Australia. 

Pecopteris (Alethopteris) (one species probably identical. W. T. B.) — I doubt 
whether our Alethopteris Zindlegana can be united with Alethopt. AustraHs, 
McCoy ; or if this is altogether the case with^any other species. 

Thus it seems that the evidence of a connection with the Australian coal-measurea 
is very weak, while the fossib enumerated as common with European Trias are unmistakably 
identical. 

As to the stratigraphy of the Australian coal strata— the literature b not poor; but 
yet it is not in all points quite clear and always trustworthy. 

It is well known that there can be a complete concordance in the stratification of rocks, 
and yet two or more different formations may be represented which can only be dis- 
tinguished by the prevailing fossil forms. As an instance I can quote the Salt Range in 
India, where, as Mr. Wynne tells us, the lower marine carboniferous and the triassic rocks 
are conformably deposited; and yet they are difEerent in age, although a well marked 
Ceratites and Phylloceras goes down into the carboniferous rocks, and marked forma 
of Belerophon survived into the Trias. The same relations will have to be applied to the 
two portions of the Australian coal-measures, only that here the case is illustrated in the 
flora. 

For the stratigraphical grouping of the coal-strata of New South Wales we must 
especially take Mr. W. B. Clarke's observations, which to a great extent are published :t partly 
Mr. Clarke communicated them to me in two letters, and he sent also a suite of fossils for 



* I spetk of this farther on. 

t Bemarks on the SedUnentvy Bocks in New South Wales, Ulrd Ed., 1876. 
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oompariiion. From all bis clear oommanioations it is plain that there are two very distinct 
portions in the Australian coal-measures^ 

a.— Upper eotU-mea^ures, 
b,'^ Lower coaUmeasuree. 

a. — ^The upper portion is marked by a flora, which is abundant Nos. 1, 2, 3 of 
Mr. Blanford's list must be referred to this ; they contain no marine fossils to indicate a 
connection with the lower portion. 

h, — ^The lower coaI>measures are marked by two marine faunas of, as generally taken, 
a carboniferous age, which separate distinctly these from the upper beds. The flora 
is, as both Mr. Clarke and Mr. Daintree state, only rare. 

e, —Below this there are beds with real lower carboniferous plants. 

The succession of the several strata of the Australian coal formation, as Mr. Clarke 
communicated it to me in a late paper, and as it is to be found in his " Remarks" ( L c. ), is 
as follows : — • 

""Beds in Tasmania, "> Without New South 
Queenshmd, Victoria. J Wales. 

Clarence River. 

Winamatta beds. 

Hawkesbery beds. 

Bowenfeb. 

^ Upper beds in Newcastle. 

r Beds with marine animals intercalated with plant beds. Especially 
Lower Coal- \ g^^^^ ^^^ j^^ ^^ ^^^^ y^^ Wingen, Ac. 

measures. Ik- • i. ^ 
V. Again manne beds. 

/^i « . (Smith Creek ) Lower carboniferous plants with car- 

Culm Senes < f u -r • i 

t Port Stef ens ) boniferous animals. 

Devonian ^ Goonoo-Goonoo Plant remains only. 

As to the fossils from these several beds I may give an account of those which I have 
seen, or which are mentioned as really occurring^* 

a. — Upper coaUtneaeurea'^ 

1. From QueensUnd : PecopU odaiUopieroidet,* Morr., Taniopteris Damtreeif 

Cyclapt. cuneaia, Carr., &c 

These beds are altogether taken by Daintree as mesozoic, and TaniopU 
Daintreei^ characteristic of these beds. 

2. From Tasmania— prevailing J^iw^eldia'Vke ferns ; besides this Olossopterie 

and Pecopterie Auetralie, McCoy. 

8. From Victoria— from here we find the following plantB described as 
mesozoicf :-* 

Oangamopieris angutitfolia, VcGoj, Q. epatkulata, Oangam. obli^iua, McCoy, 
Neuropierie sp. 



* I fhoold ny this If nther a 7A»mi/«M»a. 
t Sm fteport of ProgrMs. Qeolog. Sorv. of Yietoris, p. 36* 
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Pecopteris Australis, McCoy., Sphenopteris^ Taniopterii Dainireei, McCoy., 
Zamites ellipticus, McCoy. 

Phffllotheca Australis, McCoy. — ^Here we have real Phjfllotheea with 
Titniopt, JDaintreei, McCoy. 

4. From the Wianamatta and Hawkesbery, we ha^e mostly DiehopterU, Thinn' 

feldia, Pecopteris odontopteroides, Morr., Taniapteris, etc. ; and in boUi 
the same genus of a fish. 

5. From Clarence River DiBtrict.-^Taniopteris with narrow leaveSi and a coni- 

ferous branch, to which Mr. Clarke himself marked fVoltzia. 

6. Bowenfels and Newcastle. — Here the flora is mostly developed : VertebrariOf 

real Phyllotheca, many Olotsopteris (hot very few identical with those 
of India), mostly Qloss, Browniana, Bgt., coniferous plants near the 
mesozoic Echinostrobus, coniferous seed-vessels and others, but no animal 
fossils, nor lower carboniferous plants. 

h.'^Lower coal'tneasures— 

I have seen Teeniopteris near Taniopt. Eehardi^ Germ., Glossopteris, small 
specimens : besides these, there are quoted Phyllotheca and Nosffgerathia. 
With these are associated carboniferous fossils. 

e,— Strata below — with Cyclostigma Kiltorkanum, Haught,, Bhaeopieris, Spheno- 
phyllum (real palseozoic form). These I have seen myself. And again 
a palieozoic (carboniferous) fauna. 

From this we see the following :— Only the strata sub. h ean claim a palieozoic age, 
containing a prevailingly carboniferous fauna, which already in e occurs together with 
a palfloozoic flora. The flora in h is very poor, containing only few forms, which* are so 
frequent in the upper strata ; and to use Mr. Clarke's words about the Glossopteris, we may 
say : " There (in the Australian lower coal-beds) it clearly does not govern, but must be 
subordinate to the fauna ;" and further he says, " why might it (Glossopteris) not pass into 
secondary rooks without denying its existence in the Australian lower coal-measures"? 

In the last publication. Mines and Minerals of New South Wales, there is a Sup- 
plementary Report by Mr. John Mackenzie on the New South Wales coal-fields, in which 
on fieotion h, is a sketoh-section from Newcastle to Port Booral, about thirty miles long. 
In this the difference in the fossil remains of the upper and lower portions of the coiU- 
measures is plainly indicated, and also that the upper portion and lower portion are, besides 
all the differences, slightly discordant. 

This may be enough for the present paper; some more material would clear off the 
matter still better. But already from this we see that there is a great difference between 
the upper and lower portions of the coal-measures in Australia, the former containing 
only flora of mesozoic affinities, the latter prevailingly a carboniferous fauna, by which they 
are in connection with the beds below, although some plant forms begin in them, which 
afterwards are much more developed ; but no Schizoneura, no single-pinnate Neuropteris, 
no Sagenopteris, no Voltzia, no Albertia, etc., are found. 

Our Damuda flora could, at all events, only be compared with this upper portion, and 
only through the Glossopteris and Vertebraria, our flora being much more numerous. 
But, as I have said, there is perhaps only one species common ; the Australian Verteb^ 
raria seems to differ from ours, and the Phyllotheca in Australia is as well related 

• Btmiurkf, etc., p. 1«5. 
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with cure as with that from the Italian Oolite, while in our Damuda flora all the other 
plants are mesozoic and most of them triassic. 

That the upper beds in Australia— Wianamatta, Hawkesbery— and the upper Newcastfo 
coal-beds form a connected series is also shown by the occurrence of the same fish, which 
is not found in the lower stxata. 

The following table may illustrate the relations : — 



Europe. 



^ ■■■) Upper Trias... 

Carboniferous 
Carboniferous 
Devonian ? 



Lower Gondwanas in India. 



(Panchet group. 
(Flora acui Reptilia). 

r Damuda group. 
\ Flora only. 



Coal-measares in Australia. 



f 



a. Upper coal-measures. All the 
strata, as I enumerated them 
above uuder 1, 2, 3, 4, 5, 6. 

Flora onl^. 

b. Lower coal-measures. 
Strata beUw, 

OoonoO'OoonoOm 



YIL^FlOSA of the JABALFt^E GBOUP IN SOUTH RbWAH, SBAB jABALPt^B, AND IK THE 

SaTPUEA BASIN. 

The Jabalpdr group, as indicated in a former note {ante, p. 29), is that upper portion of 
the Gondwana series covering a large area in South Bewah and also in the Satpuras, the two 
being almost continuously connected by a narrow outcrop skirting the intervening area of 
overlying trap, and passing through Jabalpur at the head of the Narbada valley. It derives 
its name from the place where its fossil plants were first and best known, i, «., Jabalpur. 

Although the stone in which the plants are preserved diilEers in each of the three 
positions just named, the fossils themselves do not, plainly showing that we have to deal 
with but one formation. These beds were formerly placed on a common horizon with those 
of Rajmahal and Kach ; but, as I have already indicated, these must be separated into two 
groups, an older typified by the Rajmahal group (in the Rajmahal Hills and near Golapili, 
Godavari District), and a newer containing the Kach series, to which the Jabalpur group 
belongs, the fossils of both being identical. 

The fact of the Kach and the Jabalpur strata being placed with the Rajmahal group , 
which has long since been recognised as most probably Liassic, would, however, show that 
from the first the fossil plants of Kach have not been considered of so young an age as has 
lately been inferred from some of the associated marine fossils. When I examined the Kaoh 
flora I was not acquainted with that of the Jabalpdr group ; but although geographically 
int«^rmediate between Kach and Rajmahal, and thus presumably likely to exhibit a blending 
of the flora had there been any community of horizon, as was formerly supposed, the Jabal- 
pur flora is specifically the same as that of Kach, and confirms the conclusions I had arrived 
at regarding the age of the rocks. Some recent discoveries in the Godavari region,* where 
Jabalpur plants have been found together with reptilian remains and liassic fishes, tend 
to support those conclusions, as opposed to the impression made from the Cephalopoda of the 
Kach strata. 



* Hughes : wprQi p. 80, 
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The flora of the Jabalpiir group is more numerooB tban that of the Each heds, bat it 
exhibits the same character and some of the same peculiarities. I will proceed now to 
describe the plant remains. 

A.SQUISJETACEJE. 

As in Each, we find also in the Jabalpur gronp a complete want of any plants of this 
order; but I think the Jurassic period, above the lias, did not, on the whole, abound in 
equisetaceous plants, the scarcity of them also marking the whole cretaceous epoch until 
they become again more frequent in the tertiary rocks. 

Even in our lias sic Bajmahal group the equisetaceous plants were yeiy rare and 
represented only by Equisetum Bajtnahalense, Schimp., from the Bajmahal Hilb ; while in 
the Panchet group and Damuda series the frequence of equisetaceous plants is represented 
by the vezy triassic Schizoneura^ Schimp. 

JB.—FIZICES. 

In the Jabalpdr group ferns are much more frequent than in Each, and altogether 
better preserved, the rock being less sandy and micaceous. With the new species I will give 
a short diagnosis and will indicate shortly the relations, not omitting relations with older 
fossils than Jurassic. 

L— Sfhbnoftbbidbs. 

There is only one species closely allied to a form in Europe only known in the oolite. 

1. — Sphenopteris ar^ta, Lindl. and Hutt. 

There is little doubt that our specimen must be referred to this species, its greater size 
only made me hesitate to identify it completely, but the whole habit and form of the leaf, &c^ 
agree. From the Satpura basin. 

II.— Neuboptbbides. 

None of the real Neuropieris have been found, but there is another plant which is 
generally brought in connection with Neuropterides ; it is a Cyclopteris, Bgt., and belongs to 
that division, distinguished by the name JBaiera, Braun., which does not indicate more than a 
mesozoic Cyclopter%9, Bgt 

1. — CyclopUrU lobata, Fstm. [Compar. Cydopt, (Bajera) digitata, L. and H.] 

Folia semicircularia, hast emarginaia, cordaia (?) margine lobate, lobis {laciniU) ut 
videtur dentieulatis ; nervis e basifoliorum radiatim usque ad marginem eggredientibus, 
diehototnis, ramulis repeiito furcatis. 

This species already considered by Dr. Oldham a Cydopteris belongs indeed to this 
genus in the real sense of Brongniart's Cydopteris, of which some mesozoic forms were 
subsequently ranged with Baiera, Br. ; while those specimens from the Bajmahal Hills, which 
I have called CydopterU Oldhami, Fstm.,* belong to tlie sub-genus Cordiopteris^ Schimp. 

Our specimen from Jabalpdr resembles that form described by Dr. Schenk as Dicranop^ 
ierU Bomeri, Schenk,t which is also a Cydopteris and from r has tic beds. The only 
difference I see is in the slightly thinner veins. On the other hand it is scarcely to be 
distinguished from Cydopt. (Baiera) digitata, L. and H., from the lower oolite in 
England ; especially Lindley and Hutton, pi. 63, f. 1, and Brongniart, Hist. d. vdg^t., tab. 
61 bis., f. 2. Our specimen seems to me not to be so deeply lobed. 

• Records, Geol. Sair., Ind., 1876, Vol. IX, 2 p. 36. 

t Flon dcr Greuzschichteii, &g., 1867, p. Ii5, PI. XXI, (. 0. 
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We have here also again a form which begins in rhietic and goes into lower oolite. 
Our spedmen is allied with both. From Jabalpdr. 

III.— Pbcoptbbidb8. 
This family is pretty freqnently represented ; it also occurs both in Kach and in the 
Bajmahal series. 

Gnmp of Aletkopteris Whiibyensu, Gopp. 

Two forms represent this group, which is essentially lower Jurassic. 

l.'^AUthopteris Medlicotiiana, Oldh. 

JVoiM^ tripinata, pinnis remotis pateniibus, pinnulis integris, striatis ; e had I at lore 
lanceolatis, cuiuminates hasi paulum subdecurreniihui, fere contingentihus. Nervo medio 
distinctOf nervis secundariis sub anguh acuto aggredientibus dichotomis. — (Diagnosis 
given by me). 

This specimen was recognised already by Dr. Oldham as differing from the others of 
this group. He proposed the name as above, which I will not change, although it has 
never been published, and I find it only in pencil on the original drawing. 

Oar species differs from the allied forms in the pinnultB, which begin with a broad base, 
bat become much narrower, giving the whole plant a peculiar appearance ; it may be closely 
allied with Pecopt ligata, PhilL* 

2. — Aletkopteris Whiihi^ensis, Oopp. 

This species we know already from I[ach ,* in the present reisfion it is more common 
and especially in the form described formerly by Brongniart as Peeopteris tenuisy'\ which 
has, however, already been united by Unger and others with Aletkopteris Wkitbyensis, Gopp. 

As I have said, M. Schimper^ placed all these related forms to the group Aletkopteris 
WkitbyensiSf Gopp., considering it a truly Jurassic type. 

Mr. Saporta has done the same ; only he established for all theHa allied forms a new 
genus, Cladopklebis, Sap., which would then contain the following species : — 

Aletkopteris Mdsserti, Aletk. Wkitbffensis, dentata, PkilHpsi, karburnensis, argula, 
recentior, nebbensis, ^c, ^c, establishing for all these a close relation, as I have shown in 
my Kach flora. 

Our specimens of Aletkopt. Wkitbyensis, Gopp., are from the Satpura basin. 
3. — Peeopteris comp. Murrayana, Bgt 

A specimen from Jabalpur recalls this lower oolitic species. I found the same 
determination written by Dr. Oldham on the original drawing, which I will use in my 
detailed paper. 

Of the Pecopterides, therefore, all tkree species indicate a lower oolitic age. 
One is also found in Kach. 

IV. — ^Tanioptebides. 

Only some firagments represent this family, indicating one of those fonn» which 
Schimper placed in his subgenus Macrotceniopteris, reserving Tteniopteris for the 
PalcBozoic forms ; amongst these, however, are also some which could be taken as Mucro' 
taeniopteris, Schimp. I only recall the specimen described thirty yeai-s ago by Gutbier as 



• Phillips' GeolojTj of Yorkshire, III Edit., PI. VIII, f. 71. 

t Hist. d. x6s6t. fofis., 1828, PI. 110, f. 4. 

t Trait, dc Pal. vcget., l&t>», Vol I, p. 509, Ac. 
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Tteniopteris ahnormis, Gutb. ♦ and which also Schimper has plaoed with Taniopteria, Bgt. 
But Dr. Sterzelt in Chemnitz, finding this species very closely allied with the rhtetic 
Macrot. gigantea, Schenk., and with the liassic species from the Rajmahal Hills [MacroL 
lata, Oldh. Mor., Macrot, Mustefblia, Oldh. Mor. (not Banbury), and Macroi. Morrisi, Oldh, 
(only partly)] has regarded it also as Macrotaniopterit, Schimp. Dr. Sterzel says about 
these species, so closely allied with T<sniopt, abnormis, Gutb., that there is scarcely any 
difference and only the formation separates them. For me it is a great satis&ction to 
see fonns, which I have declared to be liassic, so nearly related with a Permian one. 
The close relationship of Macrot lata, Oldh. Mor., from the Rajmahal Hills with Macrot, 
gigantea, Schenk., from rhsetic, I mentioned already in my first note,^ and will discuss 
it more closely in my Bajmahal Flora. 

Altogether, Macrotaniopteris, Schimp., contains mostly representatives of lower 
Jurassic forms. 

1. — Macrot<eniopteris Satpurensis, Fstm. 

Fronde latissima, ut vid^tur tenera ; nervis 8ecundar%%$ approximatis, rectissimis, 
plurimis indivisis non nullis solum furcatis. 

Our specimen is quite fragmentary — only a portion of the leaf-surface is preserved,-^ 
but the veins are so peculiar that it can be distinguished by this charaeter — of coarse 
scarcely as a peculiar species, only as a variety ; it is rather related with those forma 
debcribed from the Rajmahal Hills, which differ only in having the venation more separated* 

Our specimen is from the Satpura basin, 

V. — DiCTYOPTBEIDES, 

Genus : Sagenoptbbis, Bgt 

1. — Sagenopteris comp, Phillipsi, Lindl. & Hutt. 

Lindley and Hutton first described this species as Glossopt, Phillipsi,^ while Prof. 
Phillips has mentioned it as Pecopt. paunfolia.\\ In his last edition of the Geology 
of Yorkshire, however, he uses the name Glossopteri^ Phillipsi, L. & H. In M. Brong- 
niart's Hist. d. v6g., pi. 63, f. 2, we find also two figures of Glossopt PAillipsi, L. & H., 
agreeing only with Phillip's figure (III. edit., pi. YIII) ; and both of these differ from 
Lindley and Hutton 's original figure.^ 

Later, Brongniart's and Phillip's figures have been correctly placed by Schenk and 
Schimper again in Sagenopteris, Bgt.,** as Sagenopt. Phillipsi, Schenk.,tt where Lindley 
and Hutton's variety is to be placed also. But Schimper does not mention that Sagenop* 
ieris begins, as is known, in the rhsetic and continues in the lower oolite. 

Lately I succeeded in getting some species of Sagenopteris out of the Damudas, one 
of which is strikingly near to Sagenopt. rhoifolia, PresL, from rha^tic (see further on). 



* Gntbier: Verateioer nngen, etc., 1837, 1, p. 71-73. 

t Jabrb. f. Miii. Geol. Palwout., 1876, Uber die TieniopUriden ▼. ChemnUx, p. SG8, etc. pi. ▼, ▼!• 

i Rec. Geol Surv. lud., 1876, N. II. 

§ Fobs. Flora of Gr. Brit., Vol. 1, pi. 63. 

11 GeoloKy of Yorkshire, 1 and II edit.. Tab. VIII, f. 8. 

% Vol. 1, pi. 63. 

•• Flora der GrcDZscbicbten. p. 104. 

tt AIho Couut Casp. Sternberg iu Fl, d> Vorw. U., p. 165, knew the nunc Sagenopt, FkUUpri, 
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From the Jabalptir group there ie a pinna, of which the -^cins are dispoffed in the 
vame manner as in Sagenopt, PhUlipsit especially in Brongniart's figure 2, tah. 63 (Hist.). 
Our specimen is narrower and longer, the midrih quite distinct, the secondary veins 
passing out of it at an acute angle, are once or twice dichotomous, and join again quite 
dose to the margin. From Jahalpur, 

In considering the ferns found in the Jahalpdr group, we have mostly such forms 
«8 are found in Europe in the lower oolite, thus : 

1. — S^henopteris comp. argvrta, L. & H. — In England a lower oolitic species. 

^.-^Cyclopieris lobata, Fstm. — ^Nearly identical with Cyclopt&rU digitata, L. & H., 
which is lower oolitic in England. 

S.-^AletkopterU Whithyensis, Gopp, — A lower oolitic species in England. 

4. — Pecopieris comp. Murrayana, Bgt.— In England a lower oolitic species. 

6, — Sagenopteris comp. PkUlipsi, Schenk. — A lower oolitic species in Europe. 

C.-^CTCADEACEJE. 

In the Jahalplir group we find the CycadeacecB pretty ahundant, more so than in 
Kach, and with other genera ; hut here again the genus Ptilophyllum, Morr., is found. 

Some of the species are true lower oolitic forms; one is liassic. 

I.^Zamiejb. 

This family alone is represented in the Jahalpdr group, hut very frequently. I shall 
use the generic names as Schimper used them in his Faleont. v^g^tale, and as they are 
also generally acknowledged. 

1. — Podozamites (ZanUO'Zamites) laneeolatus, L. H.* 

There occur very many detached leaves, long and lanceolate, angustate a little at 
their base, acuminate on their apex, and with numerous veins. They are identical with 
Zamia laneeolata,f L. & H., or Podoxamites laneeolatus, Schimp.J 

This is a lower oolitic species, where it has the same place and importance that 
Podozamiies distans, Presl.§ has in the rhsstic; the veins of the latter, however, are 
rarer and thicker. 

We know this species from all three districts— South Bewah, Jahalpdr, and Satpura 
basin. 

2. — Podoxamites spathulatus, Fstm. 

Foliis brevioribus, ovato lanceolatis, basi attenuatis, spathulatis, nertfis paueis, 
simplicibtts. 

This form is shorter, ovate towards the apex, and the veins are more distant from 
«ach other ; in this character this species approaches more to Podoz. distans, Pf esl., of the 
rheetic. From South Bewah — 

3. — Podoxamites Hacheti, Fstm. 



• F(W8. Flora of Or. Brit, Vol. III., pL 194 
t Trait, d. Pai. T^t., VoL H, p. 169. 

t PrMl. In St6nb«rg Ter. II. p. 190, Tab. 41. f 1 ; Schsnk. Flor. d. OnnnohiclittD, p. 169, Tab. 36, f. 10, etc* 
Schimper Pal. T^t., Vol. II, p. 100. . 
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Fronde laiiuscula^ rkachide crassiore,fol%olis fpinnis) approximatiSf oblonge lanceola- 
tjjf, acuminatisy hasi anfftutatU, suhoppositis, oblique %nsert%8, nereU creberrimis, ui 
videtur simplicibus ; media in parte costa subdistincta longiiudinali e baei ueque ad 
ttpicem currente* 

Two BpecimenB of this species bave been broaght by Mr. Haoket, whicb differ from 
the former in the arrangement of the leaTes, their form, the rigidity and dispoeition of 
the veins. 

Our specimens are so closely allied to Mr. McCoy's Podotamiies Barhlyi^ that the 
want of a decurrent leaf-base and the presence of but one longitudinal rib constitute the 
only difference. By'the want of the decurrent leaf-base our specimens have less resembbuoe 
to an Araucaria (or Bowenia) than Mr. McCoy's. (See loco cit*) 

The Australian species is from the Bellarine beds (Victoria)f which Mr. McCoy con* 
siders as mesoeoic (oolitic), in which I think he is right. 

Our specimens are from the Satpura basin, and are named after Mr. Hacket (of our 
Survey), who collected them. It is of importance. , 

1. — Otozamitee Hislopi (Oldham sp.) Fstm. 

(Zamiteg Hielopi) Oldh., — label on specimen.) 

The genus Otozamites is frequent enough in the Jabalpdr gronp, together with 
PtilophyVum, Morr, The species above is a very good one, and has been named so by Dr. 
Oldham himself, for which reason I have kept the specific name, placing it among OtozamiUe 
to which it appears properly to belong. There is, however, no description of this species 
anywhere. The name is written only with pencil on the label of the specimen. Ue diagnosb 
I give myself. 

Foliis latiusculis, apicem versus attenuatis; rhachide ui tndeUir tenni; pinnie 
rhachidis superfidem tegentibue, altemantihus^ basi latioribue, apicemqne versus attenu* 
antibuSf apice paulo sursam incurvatis obtusis ; basi obtuse auriculata,indistincia eardatOp 
puncto ujio tantum inserta ; nervis e basi radiatim in folia curreniibus, disiincte repetOo 
furcatis. 

In the form of the leaf -base and in the manner of insertion, it resembles quite doedy 
Otozamites Golduei, 6gt.,t but the leaves are much shorter and more obtuse. 

In the Each flora I have described one form as very near to Otoz, Chldissi, Bgt., from 
Kukurbit ; it may stand between our Otoz, Sislopi, Oldh. sp., and the true OtoMomiies 
Goldicei, Bgt. 

Our specimen is frt)m the Sher river, Satpura basin. 

Besides this species there are several other species of Otozamites, Br., of which I will 
only mention one as important. 

2. — Otozamites comp. gracilis (Eurr sp.) Schimp. 

Eurr described this species first as ZanUtes gracilis ;X it is from the sdhist wil^ 
Posidonia of the Upper Lias near Ohmden in Wurtemberg. 

Schimper described it as Otozamites, and this is the only species with which he ooold 
compare our Ftilophgllum. He says in his Paldontologie v^tale : " Cette espioe rappeUe 

^■^^— ^"^"^^"^""^^^^"^■^"^""^"^^■"■"■•"^■^■"■^""•""'^""""^""^""^"^■^■""^■"^■^■""-^^■"^■^^■"•""•^"^"""'""^^■^""^■^^■■^^■^^■■■"^■"^■^^^"^■^^»— ^""^— ^ 

• Prodromas of the PftL of YietoriA, Decade I, p. 8S, PL YIU. £ 1. 2, 5. 

t Saporta : T^<t. foes, de Fnuwe, Paleontolo^e tnan^ PI. XCT. f. 1, fhim lower oolite in Bofftand, TorkeUrtt 

X Knrr : Beitrage zor Flora der Jaraf, Wartembergi, 1845, p. II, pU I, f. i 
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unpeu U genre Ptilophyllum des Indes.*** And we have this liassic ppecies in our Jabalpiir 
group, which is of the same age as the Kach series. 

There are about three or four specimens which closely resemble Ptilophyllum cutchense, 
Morr. ; but they have no decurrent l^iflets ; the base of the leaflets u a little broader, sub- 
auricled, and snbcordate, attached by the middle of the base only, the veins radiating in the 
leaflets, and forked within ; the leaflets closely set, alternating, having evidently all the 
characters of Otoxamites, Br., in which class Schimper has therefore rightly placed it Dr. 
Oldham had already determined it correctly. 

It still farther proves the early age of oar Jabalpur and Kach series. Our specimens 
are from the Sher river in the Satpnra basin. 

1,^-Piilophyllum, Morr. {Palaoxamia, J?ndL). 

This common genns of the npper portion of the Gk>ndwana series occars, and shows 
again the relation of this groap with the others as belonging to the same epoch. Ptiloph, 
acutifolium, Morr., is the prevailing form. 

The only related form of Ptilophylhim, Schimper finds, as I mentioned, with the 
liassic Otoxamites gracilis (Knrr.), 8chimp., and jast this genas is the most prevailing and 
most characteristic of the upper portion of the Gondwana series. 

Our specimens of Ptilophyllum are from 6atpura basin, 
1,'^ William sonia conf, gig as, Carr.f 

I have bad occasion to mention this interesting and important genns from the Kach 
series, the liajmahal series in the Rt^mahal Hills, and from Golapili. It occurs also in the 
Jabalpdr group. 

In pi. 53, f. 15, Mr. Williamson gives a section of the restored involucrum, with 
smooth pyriform axis supporting a superficial la^^er of oblong cells arranged vertically on 
its outer surface, and with this our specimen from the Jabalpur group agrees quite well, 
only that the layer of cells seems to be broader in the upper part Outside, several of the 
lanceolate scales are well seen. I will range our specimens provisionally as WiUiamsonia 
com p. gigas, Can*. From the Satpura basin. 

We have therefore amongst the Cycadeaeete the following species of great importance : 

l.'^Podozamites lanceolaius, L. & H. sp. Very frequent in all three districts; a 
lower oolitic species in England ; represented in the rhsetic by Podozam. distans, Presl. 

2. — Podozamites Harketi, Fstra., from the Satpura basin. Nearly identical with the 
Anstralian Podoz, Barklyi, McCoy from mesozoic (oolite). 

3. — Otozamites comp. gracilis, Kurr.,^ from the Satpura basin. In Europe an upper 
liassic form, related a little to Ptilophyllum^ Morr. 

4. — Ptilophyllum acutifolium, Morr., from the Satpnra basin. Prevailing in the 
P.ajmahal series. 

5. — WiUiamsonia comp, gigas, Carr., from the Satpura basin. In England specially 
a lower oolotic species. 



• Vol. II., p. 171. 

t WilliamKon : Transact. Linn. Soc. Vol. XXVI, PI. 52, 53 : Carruthcn Trsosact. Linn. Soc, Vol. XXVI. 

X Also Dr. Oliihsm dvUrnUofd it to be this species. 
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D.—CONIFERM. 

In this class are again some very typical lower oolitic plants, as we have found also 
in Each ; one species expressing the relation of these beds with the other members of the 
npper portion of the Gbndwana series. 

1. — Palusya indica, F8tm.( Oldh. & Morr. sp.),* 

Ramit distichis altemantibut, foliaiii, foliis linearibvs paientibuM altemiit in puU 
pinulo deeurrentihu9 dutiTictissime sessilibus nervo distincto e basi uno sulcis duobus 
profundioribuB limUato (fonctificatione non obvia). 

Of the same plant which Dr. Oldham and Prof. Morris figured from the R^mahal 
HiUs, and which 1 found later among the Each flora and from Golapili, some very good 
specimens occur also in the Jabalpiir group, one of which MM. Oldham and Morris fibred 
already in their Bajmahal Flora (I. c.) as Taxoditea indirus,0. &*M. But later Dr. Oldham 
himself recognised it to be a Palissya, and I will ase his specific name. But as MM. Oldham 
and Morris have given no diagnosis, nor any description, I supply the want. It is v&ry near 
to Palissya Brauni, Endl., from the rhietic. From the Satpura basin. 

2.'^Palistya Jabalpurensis, Fstm. 

Mamis distichis (?) ; erassioribus foliorum puMnulis tectis ramulis foliaiis ; foUis 
isqualibus, oblonge lanceolato^ovalibuSf patentibuSt remotiusculis ; bati const rictU^ 
distincte decurrentibus, pulvinulis oblongis insidentibus ; nervo ut videtur unico medio. 
Amentis in certis. 

This species is very characteristic of the Jabalp^r group, and, till now, known only in 
it; it has the same import'ince here m Palissj^a conferta, Fstm., in the Rfljmahal series. 
Through this species and one other coniferous plant (Auraeariites Kachensisy Fstm.), I have 
recognised the Ceratodus beds of the Godavari region as belonging to our Jabulpur 
group.f From Jabalpur. 

S.^Brachyphyllum mamillare, L. & H. 

I take this fossil in the sense of Lindley and Hutton^, who ficrured on PI. 188 and 219 
two specimens. Mr. Schimper thought these forms ditferent from that deHcribed by Broug* 
niart and called the British species Brachyphyllum Phillipsi, Schimp. § ; still I take 
these specimens to be Bntchyphyllum mamillare, L. & H. 

Our specimens are pretty frequent and do not differ in anything from the English lower 
oolitic species. Dr. Oldham himself has already written on the figures of some speciuiens, 
which I found drawn, the determination : Brachyphyllum mamillare, L. & H,, which they 
really are. From Jabalpdr. 

^,-^Echinostrobus expanses, Schimp. 

Of this species, so fi*equent in Kach, several specimens occur. One specially is very 
well preserved, showing a pretty large branch with branchlets and the chanict eristic leaves. 
It is much more complete than any of those from Kach, and, I should say, than any of those 
figured. While our specimens from Kach ag^*ee more with Phillips' figures ||, this specimeQ 
from the Jabulpdr group agrees better with Sternberg's^ 



• Ta9odiU$ indimu, Oldh., Morr. Rajin. Flora, PI. XXXIII. f. 6~Fiffur« only. 

t See Mr. Hughes : Beo. Qeolog. ^\u. Ind., 1876, N IIL 

} Fobs. Flor. of Gr. Brit., PI. 188, 219. 

§ PalaoDtol. T«;tft., II. Vol., p. 836. 

n Geology of Yorkahire, ed. Til. Ed., pi. z. f. it. 

% Ym. einsr Fl d Vorw. I. Tab. 38, Cl, 2. 
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From South Rewah and tbe Satpara basin. 
S.-^ArancarUes Kaitkensis, Fstm* 

I gave this name to seeds which were pretty frequent among the Kach fossils and 
which are very closely allied to Mr. Phillips' '* Winged seed,"* described later by Carruthers 
as belonging to Araaearites, with the name Araucar, Phillipn, Carr.f Those from 
Kach I called AraucarUes Kaekentu, Fstm.,{ in order to distinguish them, although they 
are very like those from England. In the Jabalpdr group they also occur very frequently, 
and they are the same as in Kach, so that I shall call them by the same name. 

Besides PaUssya Jabalpur^nsis, Fstra., Mr. Hughes found this species in the Wurdha 
eoal-field, near Nawgaon. I was, therefore, able to determine this group with certainty. 

From South Bewah, Jabalpur, and the Satpura basin. 

Besides these species mentioned, there occur some more coniferous plants that seem to 
be peculiar, although allied with one or the other of those described. 

Amongst the coniferous plants there are, therefore^- 

1. — Paiistya indicay Fstm. — an Indian type. 

% — PalUsya JahalpuremiSt Fstm., characteristic of the group. 

3. — Br^Lehyphyllum mamillare, L. & H. 

4. — Eckimostrohut expansus, Schimp. 

6. — Arauearites Kaehensis, Fstm. — the three last are lower oolitic forms ia 
England and elsewhere. 

Altogether I have now mentioned nineteen species of fossil plant?, which may rise to about 
twenty-four or a little more when I add the species as yet not mentioned. I would here only 
discuss those that are best determined and correctly compared with other well known forms. 

From these nineteen mentioned species there are — 

a. — Identical or very cloeely allied with English lower oolitic species— 

l,-^Cycloptftris lohaia. Fstm., — scarcely different from CyclopUrii Baiera digitaia^ 

L.&H. 
2,^'Alethopieru Whithyensit, Gopp. 

3. — Pecopteri* IfurrayatM, Bgt. 
A^-^Sagenopteria comp., Phillips, Schenk. 
h.-^Sphenopteria eomp, arguta, L. & H. 
6. — Podozamiies laneeolat%9y L. k H. 
7. — Williamsonia eomp, gigas, Carr. 
8. — Braekyphyllum manUllare, L. Jt H. 
9. — Eekinostrobui expansui, Schimp. 

10. — Arauearites Kachetuis, Fstm., near Arauear. Pkillipsi, Carr. 
Of the other nine species there are— 
b, — An npper liassic form : — 

1. — Otozamites graeilit, Kurrsp.— from Upper Lias nearOhmd&n in Wuxtemberg'-* 
the only ally of our Ptilophyllum, Morr. 

• Geology of Torkshire, TI. Edition, PL, x., f. 5, 

t Gamithera, Qcolog. Mafrac, IMW. Vol. VI., p. 6, PI. IZ, f. 7-*e. 

Z KscU Flora, PalauBtol. ludica, 1878. 
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r.— An Australian type :— 

h^^Podozamites Hacketi, Fstm. — strikingly close to Podoz. Barhlyi, McCoy— 
from Ballarine Rocks (Mesozoic — Oolitic) in Anstralia. 

d, — Two species are Indian types :— 

1. — Ptilophyllum acutifolium^ Morr. — in the whole range of the Upper Qondwana 
series. 

2.'^Palis^a indica, Fstm.— common in the upper portion of the Gondwana series^ 
as in Kach, and in the Rajmahal Hills and Golapili. 

f .-^One species is peculiar to the group. 

l.-^Palissya Jabaljmrensis, Fstm. Known only in these beds. 

There are therefore — 

10 species lower oolitic. 

1 upper liassic. 

2 of Indian types. 

1 characteristic of the group. 
1 Australian (oolitic) type« 

The other four are peculiar, but more or less allied with those already mentioned. 

If we compare this flora with the other Indian local floras, it has the nearest rebition 
with that of Each. 

Species identical with those in Kach — 

1. Alethqpieris Whiibyensist Gopp. 

2. Ptilophyllum acutifolium, Morr. 

5. Williamsonia, Carr. genus. 
4. Palissya indica, Fstm. 

6. Echinostrobus expansus, Schimp. 

6. Araucarites Knchensis, Fstm. (abundant). 

Species identical with those of the Rajmahal series^ 

1. Sphenopteria arguta, L. & H. (an oolitic species). 

2. Ptilophyllum aeuttfolium, Morr. (Indian type). 

3. Williamsonia, Carr. genus. 

4. Palissya indica, Fstm. (Indian tpye). 

Species identical with those in the beds with Ceratodus, &c, in the Godavari region ; 
only two species have been found, and both are Jabalpur forms — 

1. Palistya Jabalpurensis, Fstm. 

2. Arauearites Kachensis, Fstm. 

From these considerations the following conclusions may, I think, be drawn :— 

1. The prevailing fossils are essentially of such kind as we find generally in lower 

oolite, agreeing with those from. Yorkshire ; we will therefore have to 
consider our Jabalpiir group also of the same age. This conclusion ia 
strengthened — 

2. By the occurrence of one distinctly liassic species, Otozamitss gracilis^ 

£urr sp. 
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3. By the occurrence of the same group in the Wurdha coal-field with fish and 

reptilian remains, hitherto believed to be liaasic. 

4. Amongst the Indian local floras that of the Jabalpur group has most species 

common with the Each flora, suggesting their close correspondence as to 
age, so that-^ 

5. All conclusions which can be arrived at about the age of the Jabalpur group 

may so far be also applied to the Kach series. 

Remains of Lepidotut and of Hyperodapedan have also been found in the Ceratodus 
beds, indicating the same liassic formation. 

In a greyish-red fine sandstone beneath the Ceratodus beds of Kota Mr. King found 
Bome plant remains which I think to be Palisaya conferta, Fstm. This species being 
characteristic of the Rsymahal series, it would seem tha^ this horizon also may be distin- 
guishable in that region. 

I may here remark that from a cursory inspection I have made of the Kaoh collections, 
I do not think they will bear out the inferences based upon the Cephalopoda as to the 
Tithonian horizon of the upper members of the series. 

VIII. — DSSCBIFTIOSS OF HEW AKD DISCUSSIONS OF SOME ALBBADY KNOWN BUT 

IHFOBTANT SFBCIBS FBOM THE GONDWANA SbBIBS.* 

In the following pages are given the descriptions of some new species, which to 
the date of the publication of my former papers were not known to me, although for some 
years in our collections. During the thorough rearrangement of the Musuem they have 
been found, and prove very important for further evidence as to the determination of age. 
Also some species, which were already formerly known, but which occur again in better 
specimens. 

A. — A new JRJuEticform of Pterophyllum, Bgt., in the Rajmahal Sills, 

Amongst those species which are described by Oldham and Morris,t we find already 
one form which approaches a rhsetic species (t. e., Pteroph, Princeps, 0. M., very near to 
Pt. BrauTui, Sch.) ; another has even connections in the Permian formation. 

I have now to report on another rh»tic species— 

Pierophyllum oomp. propinquum, Gopp. 

1844 Goppert : Uber foss. Cycadeen, etc. Verh. d. SchlM. GewIIsch., p- 182 ff.. Tab. I. f 6. 
1807. Schenk : Flora dor Orenuch., p. 21S. 

In the above quoted paper Mr. Goppert described a true Pterophyllum, Gopp., which 
is especially remarkable by the distant, pretty equal leaflets, passing out from the Mhachia 
nearly quit« straightly. He designated it first as from Jurassic rocks, which, however, 
afterwards proved to be rhstio (in consequence of the examinations of Mr. Schenk and 
F. Rimer). 

Amongst the specimens of the older collections of Rajmahal plants in our Museum, 
there is a (rather fragmentary) specimen, which by the.form and disposition of the leaflets 
can be compared only with Pleropkyllum propinquum, G'oi^^, I cannot discuss it further 

• I think it neoewavy to Join these descripUoos here in a short form, as I refer to the species In the 
preceding pages ; they will, however, be described and figured more closely in the special papers on the local floras, 
t PabBontol. Indica, 1862 : Flora of the fii^mahal Series in the B^mahal Series. 



136 Record* of the Geological Survey of India, [vot. ix. 

here. I would only state the fact : in the Rajmahal flora I will give the description and 
figure. It increases again the number of forms in the Rajmahal flora, related with 
similar in tlie rhietic] formation. The specimen is from Bindrabun. 

B. — Descriptions of new and other species from the tower portion of the Gondwanas. 

In my first paper I have enumerated only the most known species, but as I have 
been obliged to refer in the preceding pages to all the forms of the Damudas, I feel the 
necessity of describing or discussing shortly these fossils now. 

1. — The Damuda Phyllotheca connected with the Aueiralian forme and also with thai 

from Oolite in ItcUy. 

Since writing my preliminary paper on the Damuda fossils* I have come across some 
better specimens of a real Phyllotheca from the Kamthi beds, and also one specimen from 
the Raniganj coal-field. 

Sir C. Bunbury called this Indian Phyllotheca PA. Indiea;^ but it is related to the 
PhylL from the ufpbb coal-fields in Australia, % I mean the beds above the first marine 
fauna ; and both are related with the Phyllotheca of M. de Zigno§ in the Italian Oolite. 

Nothing like this is known in the Permian. This and the ooal epoch have their 
own equisetaceeus plants. The Permian epoch has been rather poor in eqnisetacoous plants, 
while it is known that the Trias period produced them again very abundantly ; in this 
also our Damuda series agree with the Trias. 

The occurrence of the same real Phyllotheca (Ph. Indica, Bunb.) has not fill now been 
mentioned anywhere from the Raniganj coal-field; lately I discovered one specimen of 
this species. 

The great abundance of equisetaoeous plants in the Damndas, with prevailing 
Schizoneura, a triassic genus, and with occurrence of the real Phyllotheca, so frequent in 
the Italian Oolite, would therefore again indicate rather a mesozoic (triassic) age. 

The same Phyllotheca Australis, McCoy, is also known from Victoria together with 
Tteniopteris Daintreei, McCoy, which btter in Queensland is considered as characteristie 
of the mesozoic (upper) coal beds.|| 

2. — Taniopterides of the Damudas and their connexiona,% 

In my preliminary paper, mentioned above, I have already called attention to some 
distinct forms of Tteniopteris, Bgt., which should indicate a connection between the 
Damudas and the Rajmahal Series. Since that time I have examined some other 
specimens, which prove tiis connection still more, which I will discuss now.** 

a.— That species which Sir C. Bunbury figured 1. c. PL X, f. 2, with the name Teeniop^ 
teris DawBoides {?) McClell., is not, I think, correctly placed. I have got some other speci- 
mens identical with this figure, but they are no Tani^pt, danmoidesff (McClell.— Royle.) 

T" .. 

• Beoords Oeol. Sarv. Ind., 1876, N. 8, p. 68 ff. 
i Qaart. Jour. Geol. 8oc., XVII , p. 385, Pis. X snd XI. 
X McCoy : Annals of Nst. Hiit., Vol. SO. p. IM f. 
§ Zigno : Flor. foM. form. Oolitb., Pis. VU. VIII. 

II Dnintree (and Carrathers) on the Geology of Queensland. Qoar. Jonr. Geol. Soc., 187S. 
5 See farther on the note on Mr. Wood-Mason's fossils. 

•• Mr. Hoglics assared me sevenl times that he broaght some nioe ipeoimeniof Tmiof*mudmmride», McOlelU 
from Ramifa^t ^^ ^ never eonld find them in onr eollections. 

ft Boyle :* lUostr. Bot. and oth. Nat. Hist. Him. Mount, Tab. S : McClelland » Beport« \BiB4B, Tab. lft» 
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« 

Schimper * has shown another and perhaps more natntHl place for it ; he took it aa 
synonymous with Tteniapi. McClellandi, O. M., which he placed in his ^eniis j^/k/Zo/?* 
teridium, Schimp. This view becomes quite probable if we compare Sir (v Banbury's 
drawing (1. c) with Taniopt, McCUllandi, 0. M. ;t and the other specimens before me 
seem to confirm the determination. 

Sir C. Bunbury s specimens as well as ours are from Kamthi. 

ft. — Besides this there are from the Nagpur distnct (Kamthi) several specimens of a 
much bigger Tipniopteru (Macrotaniopieris) which have some related forms, but which 
yet seem to be different. 

The top portion recalls especially Taniopterif lata, 0. M., 1. c, PI. IV, f. 3, PI. V, 
f. 2. But it belongs to the specimens with which it occurred. It recalls also a little 
Sir C. Bunbury's Olossopieris musafolia,, Bunb., 1. c. It would agree quite well, only 
that there are no anastamoges at the base of the veins in our specimens, which 
Sir C. Bunbury states to have observed. 

I therefore cannot identify the specimens under discussion with one or the other spe- 
cies mentioned, as there are differences enough to establish a new species, which I will 
describe as following : — 

Macbotanioptbris Fbddbni, Fstm. 

Fronde simplici tpteiosisnma usque 20 cm. lata, ut videtur, ovaiO'ehngafO'elliptica ; 
apice obtusa, quando que emarginata, plerutnque irregulariter incisa vet divUa, comti^- 
tentia eubcoriacea, costa in proportUme ad frondis latiiudinem ac magnitudinem tantum 
erasiiuecula longitudinaliter striata compreisa ; nervis secundariis ereberrimis tenuihus 
summa in parte (apicem versus) sub angulo acute eggredi&nUbus, marginemque versus 
plus sursum areuatis ; in parte frondis tnferiore fere horizontaHbus marginem versus 
paulo tantum sursum incurvatis simpHcibus ac furratis altemantibus furcatione aut in 
ipsa basi aut quod am in parte longitudinis nervorum exhibita, 

I have named this very interesting species alter Mr. F. Fedden of our Survey, who 
collected it some years ago in Kamthi. 

Our species holds a middle place between the Permian Tteniopt ( Macrot,) abnormis, 
Ontb., and the three species of Macrotaniopteris from the Kajmahal Hills, and we have, 
therefore, in our Triassic beds, between the Permian and Jurassic, a Macrotaniopteris, 

We have, therefore, the following species of Taniopteris in our Damudas — 

laniopteris comp. McClelfandi, 0. M., from Kamthi. Sir C. Bunbury 's Tib- 
niopt. Danaoides / should be placed here — a Rajmahal species. 

JkTacrotaniopteris Danaoides, MeCl., (lioyle)J, from Burdwan (Royle) from 
Jherra coal-field (Hughes) and from Rauiganj, and from Burgo in the I^jmahal 
Hills (our coll.). 

MaeroUtniopt Feddeni, Fstm., the broadest form I know. — From Kamthi. 

If we compare the two Macrotaniopteridei of the Damudas with the Permian and 
the Bajmahal forms, we have the following series (regarding the distance of the veins) : — 

1. MacroUeniopteris Danaoides, McCl.— Damuda. — (The widest distance.) 

2 Macrot, lata, O. M. — Rajmahal Hills. 

8. Macrot, Feddeni, Fstm. — Damuda. 

4. Macrot. abnormiSf Gutb. Permian. — (The narrowest distance). 



• Palwont. ▼6(f<t., Vol. I, page «i»3. 

t Rajmahal Flora. (Oldham and Murria). PI. XXI li, figsi. 1, J, 3. 

X See further Mr. Wuod-Uaaou'a vuUcctioD. 
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3^ — A new Gangamopieris from the Kamthi beds and another from Karharbari. 

Of tbe p^enns GangatnopterU, which McCoy established for some transitions forms 
between Ci/clopteris and Gloesopterist I described already one species in my first note on 
the flora of the Damudas and the Talchir group : I called it Gangamopt. ryclopteroides, 
FKtm.,* on account of the more CyclopterU-Yike form of the leaf. From the occurrence of 
this species both in the Bar&kar and Talchir g^nps, I draw the conclusion that these 
groups are both of the same age, as the Talcbir g^oup contained little else than this 
species. McCoy described it first from some rocks in Victoria, where no marine fossils 
occur, but where Taniopteris Daintreei, McCoy, is found, which latter in Queensland is 
considored as characteri^itic of the mesozoic beds there. With these also Phyllotheoa Aus^ 
tralis, McCoy, occurred in Victoria, 

Now I have also from the Kamthi beds very closely allied forms ;t they are, howeyer, 
much smaller, seem to have a thicker substance, thicker veins and wider venations, so that 
I will describe it as a species of its own. Another species, brought lately by Mr. Wuod- 
Mason, I mention further in the note on the fossils he brought from Raniganj. 

Ganoavoptbbis HnoHBSi, Fstm. 

Fronde simplici, rotunde ovali, sub roriarea baei ut videtur eubeordata, margime 
iniergra, mediocriter longa, maximo speeimine 10-11 em, longa, 6 cm. lata; rhachide 
vel nervo medio nulh ; nervis radiatim e basi usque ad marginem curretUibus, arcuatis^ 
nonnulis mediis, omnibus parte inferiori craseioribus, dehinc omnibus repetito furcatis 
anastomosantihus retia latiora^ breviora formantibus, 

I have called this foim after Mr. Hughes of our Survey, who has already collected a 
great many of interesting fossils from the Damuda series. 

Although dcrtcribing this fossil by a name of its own, I yet believe it related with that 
species from the lower Damudas and the Talchir group, ». e,, Gangamopt, cyclopte* 
roides, Fstm. 

This ogain supports, what I have already supposed, that all the three sub-groups of the 
Damudas, although in reality existing, are yet of the same age, and that the Talchir 
group too is to be subnamed in this epoch. 

Another form must be noticed from the Karharbdri coal-field , it is— 

Gangahoftbbis anoustifolta, McCoy. 

18 . Cgdapterit angnttifolia, McCoj : Annnls and Magaz. of Nat. Hiitt., Vol. SO. 

18 . Gangamopteria angutt^falia, McCoy : Prodroue of PalsBontology of Victoria. Des. 

Amongst those specimens which, as I already mentioned several times, Dr. Stoliczka 
brought from Karharbdri coal-field, is also a specimen which already at that time was 
determined as Cgclopt. angustifolia, McCoy, which, however, is now by McCoy himself 
ranged with Gangamopieris, McCoy. 

This Gangamopteris is in Victoria found in certainly mesozoic rocks, being associated 
with Taniopteris Daintreei, McCoy, which is characteristic of mesozoic rocks in Queens- 
land.^ 



• BecordB Geol. fjarr. lud., 1R76, N. 3. 

t In my last paper on Damuda fo^aila (Rec. Oeol. Suit. Ind., 1876, N. 3) there U wrongly written ** that the 
specimens trom Kampti belonf^ to the same epeciea" (as Oangamopterit eyclopteroideg, Fstm.). It should b*e 
written that they belong to the same "ffenuM." 

i DalDtree : Geuloiry of Queenslaud, <4uar. Jour. Qeol. Soc, 1872, 
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4. — Some other epecies of Sagenopieris firom the Damudas* 

The two species of Gangamopteris described above firom the Damnda Series are 
distinctly belonging to that genns. Bat there are from the Damndas near Eanlachem 
in the Godayari district two specimens, about which I am not qaite snre whether they 
belong also to this genns or whether they are rather to be ranged with Soffcnopteri^, 
Bgt. They recall, it is true, somewhat Oangamopierie angusttfolia^ MoCoy,* bat I am 
not snre if this species too has not rather its place in Sagenqpteris, Bgt. I for my part 
take those specimens from Kanlachem as very near to SagenopierU rkoffblia, Presl., aa 
there is scarcely any difference between them and the leaves of this species when they are 
detached. We have only to compare the detached leaf in Mr Schenk's Grenzschichten, 
PI. XII, £ 4^ with onr specimens and we find no difference. 

Another locality of SagenopteriSf Bgt., is the Earharb&ri ooal*field, the same where- 
from I enumerated already four species of mesozoic and triassic age. There is a collection of 
Karharb&ri plants in our Museum since the year 1871, and Dr. Stoliczka collected them. 
Fern leaves are very frequent, with an evidently anastomosing venation, which, however^ 
does not pass out from a midrib ; the shape and the association of the leaves on the rock 
urge US to consider the leaves as detached ones, which formerly have been attached to one 
common stalk. They are, as I suppose, evidently Sagenopterii, but differing in shape and 
size from those hitherto described. I describe them as follows : — 

Sagbitoptbbis Stouczkana, Fttm. 

Fronde digitata; foliie singulis pedicello eommuni insertis, deciduis, laneeolaio spa* 
tknlatist 10 cm, longis, 35 mm, latis, hasi latiuscuUs, sine peduneulo distincto ; later* 
alibus ut mdetur in forma differentibus, nervo medio indistincto, nervis seeundariis sub 
angulo aeutissimo ad marginem eurrentibus repetito dickotomis, retia formaniibus; 
reiibus ii^fhiare ac medio parte majaribus, marginem versus, minoribus, Fruetifieatione 
nonobvia. 

The leaves of this species differ in shape and size as well firom Sag. rhotfolia^ Presl., 
as from Sag, O^ppertiana, ZSgn., but it is allied with both, being a Sagenopteris, 

I will not make any further discussions here — I will only say that the genns Sagenop* 
Uris in Europe is known only in Bhietio and Lias, and that it has some connection with 
Ckeropteris, Knrr., of the Eeuper. 

Perhaps also some species of Glossopteris, Bgt., are allied ; I mention, for instance^ 
Olossopieris acaulis, McClell., which should evidently be placed here, and I mentioned it 
already as Sagenopteris, Bgt. The Taniopteris, Bgt., with the real mesozoic aspect and 
with connections in the Bajmahal Series would support the conclusions to be drawn from 
the oocnrrenoe of Sagenopteris, Bgt. 

Mr. W. T. Blanford is certainly right in saying that some of these ferns are of wide 
range ; but if we consider it nearer it should be said of the most fossils ; but I think also of 
widely ranged genera some species can be characteristic, and this is especially with the 
Taniopteris the case, even so with Sagenopteris and others, and if some of those genetU 
mentioned are of wide range, it is certainly the more the case with Glossopteris, so that 
there yet remain for the Damndas the other species ae — 

Maerotamopteris Danaoides, McClell., certainly mesozoic, frequent. 

Schisoneura Gondwanensis, Fstm. (very frequent) 

Sagenopteris, two species— Bhictic genus. 

Neuropteris valida, Fstm. — (frequent) 

Volisia aentifolia and Albertia speciosa, Schimp. 

• McCoysl'rodnMMortlMF^or Viet., U Decwla, PL Xlll, fly i. ^ So, 
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On the four latter of theee I will onUf remark that they in Europe are qf triaseie age. 
To these I add now a fifth — 

Voltzia heterophylla, Bfi^t, 1828. 

1828. Brongniart: Prodrome. 

1828. Histoire dei T^get foes. 

1848. Schimper and Mongeot : Monograf. 

1870. Schimper: Pal^nt y^g^t. 

Amongst the specimens brought by Dr. Stoliczka from Karharbari are also three, 
which are labelled Voltzia heterophylla, Bgt. I cannot know by whom the label was 
written, but it is certain that already, five years ago, this species was recognized, but since 
that time, no doubt OYerlooked. It is the more important, as this species is just from the 
lower part of the Damudas, >. e., from the Barskar group.* 

This species, as every body knows, is the most characteristic of the Trias, of course 
in Europe only ; but I for my part do not gire up the same age for it here in India also. 

The disooveiy and determination of this plant agrees very well with those I later made 
quite independently, as I found the Voltzia heterophylla, Bgt., which Dr. StoUcska brought^ 
after I had written my first paper on the Damuda fossils. 

As far as I know, there is nothing known like these or similar plants from the 
lower coal-measures in Australia, and also in the upper portion is, besides OloeMopteris^ 
(a genus of wide range) only Phyllotheca and the doubtful Vertehraria in common with 
our Damudas, of which, however^ tiie first genus is also in the Oolite of Italy pretty frequent^ 
and the other Damuda fossils have also abundantly representatiTes in the mesozoio forma- 
tions of Europe. 

So that with the same probability we can suppose a communication with Europe at 
that early date of Indian life, and this for the whole period from Trias till Oolite. 

5.— ^Ttcadbous Flakts in thb Damudas. 

A. — Speeiee qf Naggerathia, Stbg. 

Already Sir C. Bnnburyt described from Kamihi a species with the name Ne^geraikia 
Sislopi, B., of which he knew several specimens, but only one is figured. 

Nceggerathia was formerly, as were many fossils, a disputed genus ; but already Sir C 
Bunbury (1861) himself took it rather as belonging to the C;yea(fea<«ie, as I think is now 
generally acknowledged ; and we have in Nceggerathia a genus belonging to the Zamur. 
I will speak, therefore, first of Bunbury's species. 

1. NcBggerathia Hielopi, Bunb. 

1861. Qoar. Jour. Oeol. Soc., Vol XVU, p. 834, PI. X, f. 5. 

Sir C. Bunbury has figured only one specimen, which is rather fragmentary, from 
Bharat-w&d4. From this localiiy also several specimens are in our collection. All descrip- 
tions, as Bunbury has given them, I can confirm. We have several fragments, from 
which I can judge that the leaves have been about 14 cm. long, beginning with a narrow 
base and becoming wider towards the apex, where the leaf is apparently oblique. 

From another locality in the Nagpur district, from Barkoi, there is a specimen of the 
same Nmggerathia Hielopi, Bunb., in our collection, which plainly shows that the described 



* Of the Surrey elMiifloaUon. 

t ()aart. Joor. Geol. Soo., XYII, p. 33i PL Xf t Si 
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leaves are only detached and formerly belonged to a common stalk. The specimen men- 
tioned shows two leayes, about 9 cm. lon^, of the shape as Banbnry described ; they 
are in the same direction lying on one side of a stalk whidi nndonbtedly belongs to these 
leaves. They were, therefore, attached in the same way as in the real Naggemthia ; 
and if we look for a mesozoic Naggeraikia, we find the same arrangement of leaves in the 
NcBggerathia Vosgetiacu^ Bronn., from the Keuper of the Baibl beds. 

Also firom the Karharbiri coal-field there is one specimen which is to be ranged here. 

The leaves of N. Hislopi, Bunb., difibr from N. Vosguiaea^ Bronn. by much stronger 
veins and by having the margin entire. 

XocaZt^^.*-We have this species, therefore, from Bharat-w&d& Barkoi, and from 
Karharb4ri coal-field. 

^.-^Naggeraihia comp. Vosgesiaea^ Bronn. 

1868. Leonluird and Bronn : N. Jahrb., p. ISB, PL Yl, f. 1-4 
1870^. MacropteTyginm Bronnlt Sohlmp.: PaL wigiU, VoL II, p. 18S. 

There is also another Naggeraihia from the Damudas of Ennlachem (Gk)davari 
District), which from the first moment I recognized io be a Naggeraihia; some incised and 
lacerated leaves with very fine venation are joined on one common stalk, which, however, is 
partly broken off, so that I was in donbt about the insertion. 

The best, and perhaps only, connection of our specimen I found, however, with Bronn's 
Naggeraihia Voegesiaea (1. c.) The author described his species as consisting of a pretty 
large form with a thick stalk, from which passed out on both sides (partly alternating) 
the leaves, marked by two characters— 

1.— By their fine venation, and 

2.— That they are not entire, but divided and incised in different manners and 
degrees, so that they consist of several ladnia joined together. 

All these characters our specimen above mentioned exhibits too, so that I can only bring 
it in close connection with that triassic species. 

The middle laeinia of dur leaf are 12 cm. long, the marginal ones only 6*6 cm. The 
general form is cuneiform, the venation very fine, running radially towards the margin, 
frequently forked, but the branchlets not much thinner than the main branches. Bronn's 
drawings do not show this forcation, although Bronn himself describes it. 

B. — Another Zamiafrom the Damudas. 

Amongst the specimens brought by Dr. Stoliczka there is still another leaf which by 
the whole form indicates a 2kimia, It can, however, not be referred to Naggeraihia, the 
leaf base being quite diflferent, from which it follows that the insertion also differed ; we 
have no stalk, but the leaf is only a little attenuated at the base ; it reminds strikingly the 
genus Oloeeozamiieif Schimpf. I have no doubt that ours belongs to it. 



• Bronn : Znr trUukchtn Fauna and Flora del bituniadsea ficUfltex Toa BiiU. N. Jahfeb. Ai Mia. G«oI. nad 
PaL, etfr, 1868. p. laS. PI. VI, 1 1^ 
t SeUmpex : PaL y^^t. VoL, U. p. les. 
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6L0S80Z4MITB8 ST0LICZKA5U8. JMm, 

Brandts forma ae magnitudo ignota, JFbliis elongato ovalibHi, valiiUs 8 am, langUt 
28 mm. latu, media parte kUiesimie, parte apiedli paulo attenuata^ rotundata, parte 
haeali aquali mode angustata, truneata, anguUa hasalibue obtusis ; fbliie media in porta 
tMerties nereis creberrimis,'distinetis, e tota basi radiantibu8,ft^reatii. 

This specids has its allies in some forms described by Mr. Sohimper with this generic 
name, bat whioh altogether range only from Lias to lower cretaceoos. These species are 
Olossozamites oblangifoHue, Kurr.,* from Lias in Wiirtemberg; GloeeoM, Zitteli, 
Hokeneggerei, and obovatue, Schenkf. 

Oar specimen has all the characters of these described species. The largest species till 
now described is Qloseoz. ZOteli, Schenk, from lower cretaceous ; the leaves measnring 6 cm. 
8 mm., while onrs are mach larger still. 

Zoca2t^.-*Karharbiri coal-field, broaght in 1871 by Dr. Stoliczka, in the same coal-field 
from where Neurcpteris valida, Fstm., Voltzia heterophgllum, Bgt, Voltz. acuttfolia^ Bgto 
and Albertia spedosa, Schimp, are known by Mr. Whitty's discovery. 

There is, therefore, no want of Cgoadeotu plants in the Damudae, and they are mostly 
of mesozoio character. 

All these supplementary notes were, I think, necessary $ and it is probable that still more 
plants of this kind will be discovered to finally establish the position I have indicated 
for their formations. 

Mb. Wood-Mabon'b couionoir of vobbil flants fbom BAViOAirj. 

I cannot omit giving a short note on some very interesting plants Mr. Wood-Mason 
lately has brought from Baniganj. They not only exhibit better specimens of already 
known species, but to a great extent also new forms. As at Mr. Wood-Mason's request I 

shall write a special paper on them, only a very short note shall be given here. 

Macrotaniopierii (Taniepterie) Danaaides, McClell. (Boyle). 

The same species whioh Boyle formerly called Qloseopt, Datueoidee, but later 
McClelland correctly described as Tteniopteris Danaoides, MoClell., of which he gave two 
figures, and of whioh there is a nice specimen in our collection from Burgo in the Bajmahal 
Hills;^ (Damuda beds), Mr. Wood-Mason found several very nice and well preserved speci- 
mens ; and his statement is, that this form is there very frequent. All the specimens 
have a very mesozoio aspect, and strikingly resemble certain specimens from the Liaa 
(KeuperP) in the Alps. Besides this they resemble also pretty much Tmniopt. lata, O. M., 
especially the specimen PI. II, 1 1, and the variety Taniopt. musitfoHa, 0. M.» PI. lY, f. 1, 
from the Bajmahal Hills ; again also a further evidence of oonnection of both portions (upper 
and lower) of the Gondwana Series. 

Qen. Olassopterie, Bgt., and Sagenppteris, Presl. 

Mr. Wood- Mason has brought various specimens of the common Baniganj forms, with 
narrow net-venations, which I will describe as Glosaopt. communis, Fstm. But besides these 
two or three leaves of that species whioh McClelland called Olossopterie aoauUsf but which 
I referred to Sagenopteris, Bgt. (as Sagenopt. pedunculata, Fstm.) 



• Kan.t Beltr. snr. Jan formation W&rtemb«rgB, p. 12, U]^. I, t 6, 1848. 
t Schenk. Fobs. F1. d. Kordkapatben. PalsBontogr, Vol. XIX (ISH), tab. I, II, IIL 

t Some nice ipeciipaaa ware, aa Mr, Smgket baa several timee sea ved me, broogbt bjr bim £roin the BMigtaii 
fUM, bat I noTex coulil find them in oar ooUeoUoiu. 
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Gen. OangamopteriSf McCoy. 

I have deseribed already two speoiee firom our Damndas, i. e., Gangamopt, cyrlajh 
teroidest Fstm.,* and Qixng, Sugkesi, Fstm.t Mr. Wood-Mason brought also another, which 
differs from both by the moch wider net* venation, whioh is also pretty constant tn the 
sizeof the.meshes of the net I will describe it later with the name Oangamopteri$ 
Whittiana^ Fstm., after Mr. Whitty, who contributed so much last year to our knowledge 
of the Karharbari flora by the magnificent slab of shale, covered with fine plant-impres- 
aions, contributed by him to our museum. I must still once more state that the Austra- 
lian Gangamopteris is firom mesozoio strata in Victoria^ together with Ttsniopi^ Daii^ 
ireei, McCoy. X 

BxLXMiroFTBBis, nov, gen., Fstm. 

Amongst the fflrns there is a wonderful specimen, which has its veiy dose oonneetion with 
the living Pteris sagUt^olia, Baddi§, and HemioniUt eordaia, Boib. Mr. Wood-Mason's 
specimen has the same arrow-like shape ; three primary veins, the chief primary veins 
stronger and more distinct ; the secondaiy veins form a net-work of prevailingly beiagonal 
znesbes. This specimen belongs to quite a new fossil genus whioh I call as above. The 
species I call in Honor of Mr. Wood*Mason» Belemnopteris Wood^Moioniana, Fstm. 
Descriptions and discussions will be given later with the figure of the specimen. 

Of other/rmt there is especially remarkable a very nice krge specimen of an Alethop* 
teriB form of the type of the living Phegopteris, a fmetificating pinna of Alethopt. Lind* 
legama, Boyle, which belongs also to this group. 

Pai.jk)tittabu, 4109. ^m., Fstm. 

AMother new gemu. Of much interest is another specimen with about eleven or twelve 
leaves coming out (as it seems) from a common spot ; the leaves have the form of the meso- 
soic Sagenopteria, Bgt. ; they have an evanishing midrib (towards the apex) ; the eeoandarg 
veins have nearly the same direction, but form no net-toorkfA circumstance which I think 
will establish this form as a new gemu, as it cunnot be well united with Taniopteris, Bgt. 

I do not know anything in the fossil Flora closely similar with it. In the form of the 
leaves and their disposition there is an approaching similarity with Nceggerathia spatAulata, 

Dana,|| from Australia, but there the veins all are radiary, without any midrib. 

There is also a slight resemblance with Chiropteris from the Keuper^ ; but the shape 
of the leaves, the direction and disposition of the veins, the total want of a distinct rachis, 
and the presence of several thicker veins, distinguish Chiropierie from our fern. 

I already now can say it is a new genus, allied only with the living VUtaria^-no that 
I will call it Palmowttaria n. g., and the species Palaov, Kurzi, Fstm. 

Of other plants I have still to mention several nice specimens of the Spkenopkgllum 
trizggia. Vug., which all show again the great difference of the Damuda forms firom those in 
the coal-measures. 

These plants, brought by Mr. Wood-Mason, add considerably to our knowledge of the 
Damuda flora, and have especially yielded again strong evidence of its mesosoio age. 



* Bee. Gaol Snrv. Indis,IX, 8. 

t Prasent paper. 

} Thie speeles Mr. Daintree himself takes as eharaoterietlc of the sMeocoie of Qoaensland. 

S SttiDgabaoaen : FSrren der Jetstwelt, ISSB, PI. 71, f. S. 

U Dana : Geology, United Statee Lzploring ExpeditioD. PL 18, f. 9. 

f Broan : Ubsr die Farrensippe CMrvpecri*, Korr. etc, N. Jahrb., t m. I8661 p. ltf» PL XII, 
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To give a complete idea of the flora aod its connections, I have given in the preceding 
D^ote a general list of all the fossil remidns I have so far had occasion to mention 
from the Damuda heds, which themselves may indicate the age of these heds. I hope there 
will he added still more of them, but yet these are the most important now, and establisli 
aufficiently the age of the series. 



Notes on thb Obteoloot of Mebtcopotimub dibsiuiub, bt B. Ltdeekbb, b. a^ 

Geological Survey qf India, 

Previous notices. — Of this extinct genus of Hippopotamoid Artiocdaotyla, which is 
confined to the Tertiary Strata of India and Burma, no complete descriptions of any part 
of the skeleton, beyond the teeth, have hitherto appeared. Figures of the cranium, and of 
some of the limb-bones, have, however, been given in the " Fauna Antique Sivalensis ** 
{plates 67 and 68), and a short notice of the cranium was given by Dr. Falconer and Sir 
Proby Cautley in the Asiatic Researches (vol, XIX), This paper, together with figures, will 
be found reprinted in the " Palssontological Memoirs*' {vol, I,p, 138). In the same vc^nme 
{p. 147, plate 16 Jiys, 1 and 2) there is also given a short notice with figures of an adolescent 
cranium from Burma, forwarded by Dr. Oldham to Dr. Falconer : this specimen is now in 
the Indian Museum. Professor Owen {Odontography p, 566) has also given a figure and a 
short description of the general characters of the molar teeth ; a molar tooth Lb also figured 
iu M. De Blainville's Osteographie {Atlas Anoplotherium) \ M. Pictet {PaUoniologie^ 
vol, 1, p, 342) has classed the genus, chiefly on account of the form of its molar teeth, with 
the Anoplotherida. In Dr. Falconer's above-quoted paper the species was placed in the 
genus Hippopotamus, In the collection of the Indian Museum we have fragmentary portions 
of several of the limb-bones, from the Manchhars, Siwaliks and Burma beds. From the exam- 
ination of these, together with Falconer's figures, I have been enabled to arrive at an 
approximate idea of the skeleton of the genua, though many parts are stUl wanting, which I 
hope subsequent discoveries will make good. 

Character. — Merycopotamus seems to have been a tetradactyle animal of about the size of 
the Indian wild boar ; its dentition has the same formula as in the latter animal, and the excessive 
development of the canines in both jaws is a character common to the fossil form, to the 
allied living genera Sus and Hippopotamus, and to the fossil Anthracotherium. The femur 
followed the normal Artiodaetyle rule of lacking a third trochanter for the glutiBUs maxi- 
mus ; while the cuboid and navicular bones of the tarsus were distinct, and the facets on the 
astragalus for the articulation of these two bones, were of nearly equal size. The radius and 
ulna were disunited, as in the Pig, while in the Hippopotamus they are anchylosed together. 
It will be found that the extinct genus presents points in common with both Sus, HippopO' 
iamus and Anthracotherium, and may probably be regarded as having, like the latter genus, 
formed a connecting link between the Suina and Suminantia. As its name implies, the 
form of its molar teeth approaches that of the Muminantia, and breaks down the distinction 
between the '* cylindriform" teeth of the true Pecora, and the "colum no-agglomerate" 
teeth of the Suina; in the Siwalik period, however, these two groups of Artiodactyla had 
already been completely difEerentiated : we cannot, therefore, consider Merycopotamus to 
have been in any way a progenitor of the true Muminants, but the genus may very probably 
have descended from some older form, which at an earlier period diverged from an original 
stock allied to the Suina, and gave rise to the more modem and specialized group of JRumi* 
nantia. From the dimensions of the axis vertebra, Merycopotamtu must have been a much 
longer-necked animal than either the Pig or the Hippopotamus^ in this respect also showing 
Muminant tendencies. 
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Oanticm.—* My examination of the^craniam has been chiefly confined to tbe young 
specimen from Burma noticed above, which from tbe state of the sutnres is in a very 
favourable state for comparison. The general form of the skull somewhat resembles that of 
Sippopotamus, especially in the long even slope from tbe occipital crest to the extremity of 
the nasals, and in the comparatively slight depth of the upper portion of the cranium ; the 
wide zygometic arches and the deep and sharp sagittal crest are also Hippopoiamine 
characters. The mnszle is slightly expanded at its extremity, but not to the same enormous 
extent as in Hippopotamus* 

Orhiis, — The orbits are approximately circular, and completely surrounded by a bony 
ring ; their superior borders are somewhat produced and elevated, forming the highest points 
on the forehead, while the frontals are considerably depressed below them ; in all the above' 
characters the skull of Meryeopotamus agrees closely with that of Hippopotamus, and 
differs from that of 8us, The orbit is placed unusually far forwards, so that its inferior 
border is directly over the hinder barrel of the first molar : the distal articulation of the 
jugal reaches as far forwards as the first premolar. In Hippopotamus the inferior border 
of the orbit is placed over tbe hinder barrel of the second molar, and in Sus over the middle 
of the last molar. 

Nasals.'-lhe proximal extremity of tbe nasals does not extend upwards to within half- 
an-inch of the inferior border of the orbit ; in this respect the skull more resembles that of 
Sust since in J7ti^opotof»«« the proximal extremity of the nasals extends upwards beyond 
the centre of the orbits. The distal extremity of the nasals difEers from that of both 
Hippopotamus and Sus ,- in Meryeopotamus the nasals diminish in width very gradually 
from above downwards, and terminate somewhat above the extremity of the muzzle ; their 
distal extremity is cut into by an acute re-entering angle ; in Hippopotamus the nasals 
narrow very rapidly and terminate directly over the muzzle with a considerable expansion ; 
in Sus the nasals narrow gradually and terminate slightly above the muzzle in a pointed 
extremity. The facial surfiuses of the nasals are nearly flat, and placed at right angles to 
the lateral surfaces of the maxillie, as in Sus ; the nasals of Hippopotamus are rounded 
transversely on the facial surface, and do not form any marked angle at their junction with 
the maxillsB. The greater portion of the outer bonier of the nasals articulates with the 
maxilla, and only a very small moieiy with the premaxilla ; this character forms a marked 
distinction from Sus, and agrees with Hippopotamus, only in the latter a rather longer pro- 
portion of the nasals articulates with the premaxilla than in Meryeopotamus ; the extremely 
small proportion of the premaxilla which articulates with the nasals in the latter genns is 
owing to the relative shortness of the latter bones. Tho naso-maxiUary suture is nearly 
straight, and thereby different from the same sutare in both the allied genera; no portion of. 
the premaxilla overlaps the facial surface of the nasals, as occurs in Sus, as distinguiahed 
from Hippopotamus, 

Maxilla and JugaL-^Ihe lateral surface of the maxilla is somewhat hollowed ; the 
foramen for the fifth nerve is placed directly over the last premolar, as in Sus; it is situated 
more anteriorly in Hippopotamus. The outer surfaces of the moUr teeth are placed so far 
apart, that the jugal for a long distance along its posterior border becomes continuous with 
the lateral surface of the maxilla, and does not overhang the latter as is the case in HippO' 
potamus and Sus. There is no distinct process of the maxilla for articulation with the jugal, 
on account of the junction of nearly the whole of the posterior surfiioe of the latter with the 
maxilla; the form of this portion of the skull is quite peculiar to Meryeopotamus; the form 
of the union between the squamosal and jugal is not known. 

Laehrymal. — ^The facial portion of the lachrymal is oblong in shape, and its surface is 
quite plane ; it is ooosiderably elongated antero-potterioriy, so that it articulates with four 
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bones, viz,^ the frontal, nasal, maxilla, and jogal. As far as I can make out from tlie skull of 
Hippopotamus with which I have compared this specimen, in the latter genas the lachrymal 
articulates with the same four bones, but not quite in the same proportions ; in Sus, on the 
other hand, we have a very different relationship of these bones ; owing to the shortness of 
the lachrymal and nasals, these bones do not articulate with each other ; but between the 
two a process of the frontal extends downwaxda to articulate with the maxilbi, — ^a union 
which does not occur in either SUppopoiamiu or Jfetyeopotamus. The lachrymal foramen 
is single, and pierces the orbital portion of the lachrymal close to the angle separating the 
former from the facial portion, a condition intermediate between Sus and Sippcpoiannu ; 
the fossils do not, of coarse, show whether the lachrymal formed a thin capsule within the 
orbit as in the latter genns. 

FrontaU, — ^These bones are depressed, and are united by a straight sagittal suture,— 
simple inferiorly, but with interlocking processes superiorly; the distal extremity of the 
frontals forms a slight re-entering angle for the articulation of the nasals ; the naso-frontal 
suture is deeply indented ; a small process is given off from the frontaU, which is wedged in 
between the lachrymal and the nasals ; in front of the orbits the frontals seem to have been 
somewhat expanded laterally, but do not form the " telescopic" orbits of Hippopotamus ; 
their form was probably more like that of Sus. The venous foramina on the surface of the 
frontals are situated above the centre of the orbits, and pierce the bone at right angles, 
somewhat as in Hippopotamus g in Sus these foramina perforate the bone obliquely, and 
have long sulci below them, 

Parietdls, — The fronto-parietal suture is not shown in any of the known skulls ; the 
two bones at their union form a bold sagittal crest which divides at its lower third, and 
runs to the superior angles of the orbits ; the surfaces of the temporal fosse are somewhat 
convex. The hinder portion of the parietals is very greatly longer in proportion to the size 
of the skull in Merycopotamus than in Hippopotamus; the sagittal crest in the former ia 
a long straight ridge for a considerable distance, whereas in the latter it bifurcates to join 
the orbits after a very short distance. This greater length of the cranial portion of the 
skull quite does away with the relative excessive length of the nasals, which forms such a 
remarkable feature in the skull of Hippopotamus. 

In Merycopotamus the cranial and facial portions of the skull are approximately equal, 
(see plate 67, fig. 5. ** Fauna Antiqua Sivalensis"), and from the long sagittal crest the 
whole cranium has much more the appearance of the cranium of a Carnivore than of 
Hippopotamus, In Merycopotamus the lateral boundaries of the temporal fossa are in the 
same antero-poeterior line with the lateral borders of the orbits, whereas in Hippopotamus 
t&e latter reach outwards to the zygomatic arches. 

Oedput.-'ThQ form of the occipital surface approaches nearer to that of Sus than 
Hippopotamus ; the occipital crest forms a bold ridge, angulated in the centre, and some* 
what overhanging the general surface of the supra-occipital. The breadth of the supnu 
occipital is less in proportion to its height than in Hippopotamus, and thereby approaches 
to Sus : further, the occipital surfaces of the squamosals are placed considerably more in 
advance of the plane of the supnHxscipital than in Hippopotamus, thereby giving the latter 
bone a more prominent and isolated character, similar to that of Sus, The bony ridge con- 
necting the extremity of the occipital crest with the zygomatic process of the squamosal is 
placed somewhat higher up on the occipital surface, and is larger and stouter than in Sus : 
the prominence of the zygomatic process of the squamosal which overhangs the meatus 
auditorius externus is wanting in Merycopotamus, The snpra^occipital is an oblong bone» 
with its superior extremity produced into a median angle ; the ex-oodpitals and paramastoid 
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processes are in too damaged a condition in our specimens for comparison. The basi-occipi* 
tal 18 triangular in Rha])e ; it is more rounded from side to side than in Sug, but it lacks the 
median groove and the two tubercles which are found on the same bone in Hippopotamus, 

Bulla iynipani,— There is a large somewhat ovate tympanic bulla, larger than that of 
Hippopotamus^ and more like that of Sus i the meatus auditorius externua is apparently 
tubular, and directed upwards, backwards, and outwards. 

Falate. — The palatines are produced backwards behind the last molar in the same 
manner as in Hippt^potamus ; their hamular processes have also the same shape and 
direction ; the palato-maxillury suture, as far as I can make it out, seems to have extended 
as far as the line which divides the first and the second molars ; its upward bend is rounded, 
as in Sus : in Hippopotamus it is elongated. The two lines of molar teeth are nearly parallel, 
as in Sus ; they do not diverge anteriorly, as in Hippopotamus, 

Glenoid cavity. — The glenoid cavity of the squamosal is flat, atid of large size ; it has 
no process of the jugal bordering its outer side ; in the latter respect it agrees with 
Hippopotamus and differs from Sus, 

Mandihle,^The rami of the mandible are nearly straight : the distal extremity is 
rounded off: the symphysis is long, and slightly excavated ; it extends backwards as far as 
the first premolar ; it is somewhat expanded at the alveolus of the canine tooth; the condyle 
and ascending portion is not known ; the posterior extremity descends below the inferior 
border of the horizontal portion, as in Hippopotamus ; there is a deep notch in front of the 
descending plate. From the above characters it will be seen that the mandible is entirely 
Hippopotamine in character, and broadly distinguished from those of both Sus and 
Anihracotherium, in which the tuferiur border is nearly straight. 

Dentition, — The dental formula most probably was the same as in Sus and Hexaproto* 
don ; as much of the dentition as is kuowu is given below, m;s. ; — 

P— ? 1—1 *--4(?) 3—3 



1 



8—3 1-1 4-4 3-3 



Incisors. — The incisors are at present unknown ; from the shape and direction of their 
alveoli they must have been of comparatively small and equal size ; they were in close opposi- 
tion and probably projected obliquely from the jaw, their cutting edges forming a segment 
of an ellipse. There is no sign of any abnormal development in any of them, and they 
must therefore liave approximated much more closely to Sus than to Hippopotamus, 

Canines, — The canine is situated close behind and a little to the outer side of the third 
incisor ; its inner border is in a line with the molar series ; in both of the above respects it 
acrrecs with the canine of Sus^ and differs from that of Hippopotamus, The cross-section of 
the canine is trihedral ; two angles are placed in the antero-posterior line of the jaw, and the 
third on the inner side ; these teeth are somewhat curved, the upper one more than the 
lower ; they are not of larger size than the canines of the wild boar ; the upper canine does 
not present the groove on its posterior surface which occurs iu the corresponding tooth of 
Hippopotamus. 

Premolars* — There is a considerable diastema between the canine and the premolar 
series ; there is no jaw known which contains the whole of the latter series in situ ; the 
first premolar seems to have been implanted by a single fang, and was probably of very 
small size ; the last three premolars were implanted by two fangs each. The hinder pre- 
molars are unsynynetrically conical teeth, of which the inner surface is flattened and nearly 
vertical ; there are two grooves, and an intermediate ridge on this surface ; the outer surface 
is rounded : there are semi-trenchant ed<je« at the junction of these two surfaces, looking 
fore-and-aft : there is an accessor}' column at the antero-iuterual angle j the enamel is marked 
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with irregular longitudinal striae ; there is a slight wavy cingulam snrronnding the base of 
the crown. The premolars are strikingly like those of Anlhraeotherium. 

Upper molars. — The upper molars are nearly square-crowned teeth, surmonnted by four 
nnsymmetrical cones (specimens Jiff ured in " Fauna Antiqua Sivalensis " plate 62, fy. 17« 
and Owen's ** Odontoffraphy" plate 140, fig, 8). The cones are separated by a cruciform 
valley, of which the transverse division is by far the deeper ; the general type, therefore, oa 
which the tooth is formed is the same as that of the simpler teeth of Bus, Tetraconodon^ and 
Mippopotamus, On the inner sides both inner and outer cones are perfectly symmetrical ; 
the outer surfaces, however, of both pairs of cones are concave ; these surfaces of the inner 
cones are simply concave, while the same surfaces of the outer cones have a median ridge 
running down the concavity, and a shorter lateral ridge at each of the outer angles of the 
cone. By this means a Buminant form of the tooth has been engrafted on the original 
simple fuim ; in Ruminants the transverse valley becomes almost obliterated by the approxi- 
mation of the cones, and only remains as the groove separating the inner divisions of the 
cones (or barrels) ; on the outer side the transverse valley does not penetrate the crown, and 
its place is only marked by the division between the summits of the lobes ; further, the 
antero*posterior valley becomes deeper between the cones (or barrels) and is divided into two 
portions by the united edges of the inner cones ; the outer surfaces of the barrels, instead of 
being concave and sloping towards the inner side, as in Meryeopotamus, become flat and 
vertical, retaining, however, the ridges found on the tooth of Merycopotamus, 

The upper molars of Merycopotamus are surrounded by a distinct cingulum, leas 
boldly marked on the outer surface than on the other three; and their enamel is rugose.' 

Compared with Hyopotamus.^The molar teeth of Merycopotamus are distinguished 
from those of Hyopotamus (another Hippopotamoid genus, showing Ruminant affinities in 
the form of its molar teeth) by those of the latter being less altered from the original Tetra- 
conodon type ; in the teeth of Hyopotamus the ridges which occur at the outer angles of the 
outer pair of cones of the molars of Merycopotamus are absent : in consequence, the outer 
border of the molars of the former genus forms a simple wavy line. There is also in the 
teeth of Hyopotamus the absence of the vertical ridge occupying the middle of the external 
surfaces of the outer cones which occurs in Merycopotamus, The inner conos, moreover, in 
the European genus are less concave on the outer side, and more regular in shape than in the 
Indian genus ; while the former are further distinguished by the presence of a small addi- 
Uonal cone in the re-entering angle on the anterior side of the first pair of cones. The 
molars of Merycopotamus are distinguished from those of Dickodon (with which Pifstet 
compares them) by the completeness of the transverse valley in the former. 

Lower molars, — The lower molars, like the upper, are intermediate between those of the 
P»yand Ruminants; they consist of four cones, of which the outer pair are the highest, 
separated by a cruciform- valley, of which the transverse portion is by far the deeper; the 
latter valley is shallower at the inner than at the outer side ; the external surfaces of both 
inner and outer cones are nearly vertical ; the inner surfaces of the outer pair of cones are 
concave ; the posterior surface of the hinder one of the outer pair of cones is vertically 
grooved ; an indistinct cingulum surrounds the base of the crown ; there is no accessory 
tubercle at the outer extremity of the transverse valley ; following the usual rule of the 
Artiodacfyla, the third lower molar has three lobes, the hinder lobe consisting of a single 
cone, which corresponds to the outer cone of the middle pair. 

The teeth are distinguished from those of Sus and its allies by the greater width of 
the transverse valley, and by its becoming shallower at its inner extremity, and by the longi- 
tudinal valley being broken up into two portions, which form the pits between the outer and 
inner cones. 



PART 4.] LydtJcker : Osteology of Merycopotamus dissimilia. 



149 



The lower molars are distinguished from those of Ruminants by the transverse valley 
extending completely across the crown, instead of being confined to the outer side ; whereas 
in Buminants, the outer pair of cones are united nearly up to their summits, instead 
of only at their bases, as in Merycopoiamus ; further, the summits of the cones in Rumu 
nanU become wider, and the central infolds of enamel (the remnants of the primitive longi- 
tudinal valley) become deeper, and are connected together only by a narrow neck, which soon 
becomes obliterated by wear, causing the enamel pits to become complete islands, which 
remain until the tooth is worn down nearly to its base ; islands only appear for a very short 
period on the crowns of the teeth of MeryeopoiamuSf owing to the shallowness of the 
enamel folds. In the molars of animals like the Giraffe and Brematheriumt where the 
enamel pits are connected together by a deep median fold, and consequently are a long period 
iu becoming completely insulated, we have a remnant of a more generalized type of tooth, 
showing traces of the persistence of the primitive longitudinal valley of the Suiue teeth. 

Measurements of skull, — The following measurements are taken from the cranium^ 
figured in the *'Ihuna Aniiqua Sivalensis" (plate 67, fig. 1) : — 



Length from occipital crest to superior angle of orbit 

Width at superior border of orbits 

Length of orbit ... ... ... ... ... ... ... 

"Width across zygomatic arches ... ... 

Width at temporal fosse ... ... ... .„ ... ... 

Length from foramen magnum to free border of palatines ... 

Length from foramen magunm to last premolar ... 

Width of palate at second molar 

Length of three molars 

Length of last molar 

Width of ditto ... ... ... ... ... ... . 

Length of second molar 

Interval between inferior border of foramen magnum and summit of occipital crest 

Width of widest part of supra-occipital 

Interval between external surfaces of occipital condyles ... ... ••• 

Vertlcsl diameter of foramen magnum ... 

Transverse ditto ... ... ... ... ... ... ... 

Length of occipital condyle ... 



• •• 
•a« 

• •• 



In. 

e-Q 

4*0 

1-9 

7-4 

37 

4-4 

8-1 

1-9 

826 

1*24 

!•« 

1-0 

4*1 

87 

2-86 

1*06 

1-4 

1-8 



The dimensions of the skull of the adolescent animal from Burma (No. 212) mentioned 
above, as given by Dr. Falconer (" Pal, Mem" vol, 1, p, 148), are as follows :— 



Width of nasals at base 
Extreme length of fragment 
Greatest contraction of muzzle 
Length of two (1 and 2) true molars 
Ditto of two last premolars 



fee 



• •• 



In. 
1*9 
7-6 
1*8 

about 1*8 



The dimensions of the lower jaw figured in " Fauna Antiqua Sivalensis" (plate 67, 
fig. 4), are as follows : — 



Extreme length ... •'* *•• 

Depth at middle of last molar 

Ditto at second molar 

Depth of descending angle below last of molars ... 

Length from hinder extremity of last molar to canine 

Length of symphysis ... ... ... 

Interval between canine snd symphysis 
Thiclcness of inferior border below last premolar... 
Length of last molar ... ••• ». 

Width of ditto ... •*• ••• 



... 

... 



It! 



• •• 



Ml 



•H 



In. 
If6 
8-45 
8*9 
4*3 
7-9 
4*4 
1*4 
102 
1*6 
0*9 
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The diraensions of the hinder half of a right ramus of the mandible (No. 215) brought 
by Mr._W. T. Blanford from the Irrawadi valley are as follows ;— 

In. 
Lenjfth of three molars ... ... ... ... ... ... ... s-jj 

Length of iMtmolar ... ... ... ... ... ... ... iti 

Width of ditto ... ... ... ... ... ... ... ... 0*8 

Length of second molar ... ... ... ... ... ... ... TO 

Df'ptb at middle of iMt molar ... ... ... ... ... ... I'S 

Ditto at lecond molar ... ... ... ... ... ... ... 2*0 

Other specimens from the Potwar country present similar dimeneions to the abore. 
These dimensions are smaller than those of the fir^t specimen, the jaw being of a more slen-* 
der type ; the teeth, however, in the two are of the same size. . Falconer conjectured that 
there were two varieties, major and minor. I think, however, it is more probable that the 
slighter jaws (and crania) belonged to female individuals and uot to a distinct variety. 

jIjv.— The only portion of the vertebral column of Meryeopotamus which I can iden- 
tify is the axis vertebra, of which we have two specimens in the Indian Museum (Xos. 
1638-39). These specimens only show the centrum, and portions of the pedicles, the neural 
arch being in both cases destroyed. The centrum has a broad and conical odontoid process 
laterally continuous with the articular facets for the atlas ; the centrum is longer than broad ; 
the inferior borders of the articular facets for the atlas form an almost continuous arch across 
the anterior extremity ; there is a prominent straight keel alon^i^ the inferior surface of the 
centrum ; the inferior bar of the transverse process is long, and takes its origin about half- 
way up the vertebra ; it is separated by a smooth space from the articular facet for the atlas, 
and is directed backwards and outwards ; of the superior bar of the transverse process only 
the base is shown in our specimens ; this is very wide and situated on the pedicle of the arch a 
little higher than the floor of the neural canal ; the transverse process is perfomted for the 
vertebral-artery. The exterior extremity of the pedicle is perforated for the tipper branch of 
the spinal nerve. The posterior surface of the centrum is slightlj' hollow, wider than deep, 
with a horizontal upper border, and a curved inferior border. 

The vertebra is at once distinguished from that of either the Pig or Hippopotamu$ by 
ib« much greater length in proportion to its breadth : in both the former animals the width 
of the posterior surface of the centrum is equal to two-thirds of the total length of the 
-vertebra; whereas in Merycopotamus the width of the corresponding surface is less than half 
the total length of the vertebra. 

Comparisons. — ^The axis vertebrsB of the three genera have the following points in 
common : the transverse process is perlbrated by the vertehnirterial canal, and the pedicle by 
the foramen for the spinal nerve; the odontoid process is bluntly conical, the inferior surface 
of the centrum keeled, and the inferior bar of the transverse process is separated by a smooth 
surface from the articular facet for the atlas. The axis of Merycopotamus is distinguished 
from that of Stis (besides the diflVrcnce of length) by the rim connecting the inferior borders 
of the facets for the atlas being less distinctly continuous below the odontoid process ; by the 
odontoid process being wider and flatter ; and by (in consequence of the greater length of the 
•vertebra) the transverse process being much wider, and consequently the vertebrai-terial 
canal much longer. It is distinguished from the axis of Hippopotamus by its greater 
proportionate length and the lesser development of the rim connecting the facets for the 
f^tlas ; the transverse process is also slightly wider< 
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2-8 


1-7 


1-2 


1-3 


P-9 


0-8 


2-2 


2-2 


0-76 


0-3 


0-6 


0-6 


0-7 


0-5 
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Dimensions, — The dimensions are compared below with those of tlie axis vertebra of 
the pig; Meryeopotamus in the first, and Sus in the second column : — 

• 
Ij6Dgih of C6n train ..• ..• ■•• 

Width of posterior surface of centrum 
Depth of ditto .. ... ... ■• ' 

Width across anterior articular facets 

Width of transverse process 

Length of odontoid process ... .» ... ... ••• 

Width of ditto ... ... ••• ••• ••• ••• ••• 

Hinder lim!h---Of the hind limb, more or less complete portions of the followinj^ bones 
are known, either from the si)ecimen8 in the British Museum (from which Falconer's figures 
are taken) or from specimens in the Indian Museum, viz,. Innominate, Ftmur, Tibia, Cal- 
caneum^ Astragalus, and Metatarsus, 

Innominate. — The innominate is known from the specimens of the acetabulum figured 
by Falconer (" F. A, S.,'* pi. 68, fys, 1 and 2) ; the acetabulum is completely circular and 
moderately deep, with a distinct pit for the attachment of the ligumentum teres; its 
diameter is 1'55 inches. 

Femur. — At the proximal extremity the great trochanter is placed higher than in Sus 
and Hippopotamus ; it is also more recurred, and the head is placed more nearly perpendi- 
cularly to the neck ; it does not show any distinct impression for the ligamentum teres ; the 
digital fossa is also deeper than in the allival genera. The di.'«tal extremity of the femur 
{see Falconers figures) is very different from that of the Pig or Hippopofamus, and is 
unlike that of any living Ungulate; the trochlear surface for the paltella is unusually elon- 
gated, and its borders are placed almost parallel to the lono; axis of the bone, instead of very 
obliquely, as in other Ungulates : the condyles are consequently nearly equal-^ized and sym- 
metricul. 

Tibia. — The proximal extremity alone of the tibia has been discovered : the articular 
surfaces are nearly equal sized and symmetrical : the prominence for the crucial H«,'iinu'nt.s is 
bifid ; there is a notch and prominence on the anterior border as in Sus : in Hippopotamus 
this border is roughened, but not notched. On the posterior boi'der in Meryeopotamus there 
is a narrow notch, which is not found in the other genera. 

Astragalus, — Several views of the astragalus are given in plate 68 of the Fauna 
Antiqua Sivalensis, and we have several specimens of the bone in the Indian Museum, chiefly 
collected in Sind by Mr. Fedden ; the specimen that I have measured is from the left side. 
The astragalus of Meryeopotamus is formed on the same general plan as the corresponding 
bone of Hippopotamus aud Sus, having distinct sub-equal facets for the articulation of the 
cuboid and navicular bones separated by an intervening ridge, which indicates the non-union 
of the two latter bones. Comparing the astragalus of Meryeopotamus, firstly with that of 
Hippopotamus, we find that the former is distinguished by its greater length in proportion 
to its breadth, so that the breadth of the distal extremity is only equal to one-half the 
length of the bone, whereas in Hippopotamus, the corresponding breadth is equal to rather 
more than two-thirds of the length of the bone. In both bones the calcaneal half of the 
* tibial trochlea is considerably the highest and stoutest of tlie two ; the trochlear surface for 
the calcaneum is almost square in Hippopotamus, while it is oblong in Meryeopotamus, and 
there is a deeper pit between this surface, and the commencement of the tibial trochlea. The 
articular surface for the cuboid in both is placed on a lower level than that for the navicular, 
while the latter extends further up on the posterior surface of the bone : both articular 
surfaces are of approximately equal width, and the ridgr between the two is placed obliquely 
to the long axifc> of the bone. The lateral surfaces of the two boues have the same general 



itTgeo, 


Aft. 


In. 


In. 


2» 


175 


ID 


0-9 


i-u 


1-0 


0*60 


on 


O-M 


(m 


1*36 


O-Oft 


0-76 


0-66 



152 Records of the Oeologieal Survey of India. [vol. ix» 

characters. The astragalus of Meryeopotamtu is distinguished from that of Sus by its 
greater proportionate length, and by the articular surfaoes for the navicular and cuboid bein^ 
of nearly the same width, instead of that for the cuboid being only one-half the width of 
that for the navicular : further, the trochlear surfaces for the tibia are of nearly equal height 
in Sus, The great proportionate length of the astragalus of Merycapotamus is a character 
which it has in common with that of the Aetiodactyle Anoplotherium. Below, the admea- 
surements of the astragali of Hippapotamtm sivaletms, Merycopotamm dusimilis, and Sut^ 
scrqfa are compared :— 

Hippo. 
In. 
Extrem« length ... ... ... ... 3*9 

Widtb acroiM tibial trochlea ... ... ... 2*35 

Width across distal extremity ... ... ... 2*86 

Width of caboidal articular facet ... ... ... 1*36 

Width o( navicular articular fkcet ... ... ... 1*6 

LfDgth of calcaneal trochlea ... ... ... 2*46 

Width of ditto ... ... .i^ ... 11)6 

The astragalus of Anihraeotherium has the facets for the cuboid and nayicular of 
unequal size, as in Rus, and is therefore at once distinguished from that of Merycopotamms^ 
Falconer once considered the two genera identical. 

Calcaneum, — The calcaneum, as appears from Falconer's figures, appears to be of exactly 
the same form as the corresponding bone of Hippopotamus, It is distinguished from the 
calcaneum of Sus by its anterior surface being broader, and the whole shaft stouter, by the 
surface for the attachment of the tendo achilles being excavated in the antero-posterior line, 
instead of being convex, and by the facet for the articulation of the saddle-shaped trochlea of 
the astragalus being placed more obliquely. The length of the bone is 4*8 inches, and the 
width of the surface for the astragalus 2-3 inches. 

Metacarpal, — The metacarpals are only known to me from the distal extremity of one 
of the middle bones brought by Mr. Fedden from Sind ; the form of the fragment is essen- 
tially Hippopotamine and not Suine. The articular surface forms three-fourths of a cylin- 
der ; on the anterior surface there is no ridge on this cylinder, but on the posterior surface 
there is a marked ridge dividing the cylinder into two nearly equal portions : the shaft of 
the bone is nearly as thick as the cylinder. In the sub-equality of the portions of the cylin- 
der on either side of the ridge, and in the limitation of the latter to the posterior sui&oet 
the bone agrees with the metacarpals of Hippopotamus, In Sus the ridge extends com- 
pletely round the articular cylinder, and it is placed very much nearer to the median line of 
the foot, rendering the two articular surfacas very unequal. From the small extent of the 
ridge on the metacarpal of Merycopotamus, the first phalange of the digits has no distinct 
groove on its proximal surface : from the nearly median position of the ridge on the metacar- 
pal, the foot must have been less symmetrical in relation to a line separating the third and 
fourth di^i^its than in Hippopotamus and Sua; the general form of the metacarpal is very 
similar to the corresponding bone of Anihraeotherium ; width of distal extremity O'C^ 
inches. 

JFtrst phalange,^Oi the second phalange of the third or fourth digits we have several 
specimens in the Indian Museum : the bone is similar in shape to the corresponding bone of 
Hippopotamus, having the superior surface wide transversely, and hollowed, with pro- 
minent ridges on the fore-and-aft border ; there is a very slight ridge running antero- 
posteriorly across the middle of the same surface. The -anterior surface of the bone is 
rounded, and the posterior flat : the distal extremity presents a simple trochlea hollowed in 
the middle line, and extending further up on the posterior surface than on the auterior 
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surface. Length 1*6 inches ; transverse diameter of proximal surface 0*7 inch ; antero- 
posterior diameter of proximal surface 0*6 inch ; transverse diameter of distal surface 0'55 
inch. 

Forearm, — Of the forearm, we only know at present the humerus from its two extremi- 
ties, the radius, and the distal extremity of the ulna ; the two former bones are figured 
by Falconer. 

Humerui. — ^At the proximal extremity we distinguish the humerus from that of Hippo* 
potamut by the great tuberosity being less developed, which renders the bicipital groove less 
closed in by bone : the bicipital groove is unusually wide, and the deltoid ridge strongly 
marked; the posterior extension of the great tuberosity forms a more continuous rim round 
the outer border of the superior surface than in either Hippopotamus or Sue. The distal 
extremity agrees with Hippopotamus, and differs from Sus in the absence of the supra- 
trochlear foramen ; the trochlear surface has the ridge on the radial half more prominent 
than in either of the allied genera ; the ulnar condyle is more prominent than in Hippopo^ 
iamus. Width of proximal extremity 3'5 inches ; width of distal extremity 2*3 inches. 
The shape of the distal extremity is like that of the humerus of Anthracotherium, but the 
supra-trochlear fossa is deeper. 

Hctdius and ulna, — The radius and ulna resemble those of the Pig, and differ from 
those of the Hippopotamus in being quite free throughout their entire length. Tbe radius 
is a twisted bone with a triangular shaft ; it is flatter than in the Pig, and is broader at the 
proximal and narrower at the distal extremity, so that the latter is the widest of the two 
surfaces; whereas the reverse is the case in the Pig : the bone is not contracted in the middle, 
as in Hippopotamus, The distal extremity of the ulna, on the other hand, is larger than in 
the Pig, and the bone takes a larger share in carrying the carpus : the larger size of this 
extremity of the ulna is a Hippopotamine character. The length of the radius is 7'3 inches, 
the width of the proximal extremity 1*7 inches, and of the distal extremity 1*05 inches. 
The greatest length of the distal articular sur&ce of the ulna is 1*2 inches. 

Position of genus. — From the above comparisons it will be seen that the osteology 
of Mergcopotamus, as far as we know it, is very closely allied to that of Hippopotamus 
and Sus, but it presents certain characters different from that of both genera. Beyond a 
slight resemblance in the form of the teeth and of the astragalus, it does not show affinity 
to the Anoplotheres, among which it is placed by Pictet. I should be inclined to place the 
genus in the family Hippopotamida, forming a link between that and the Anikracotherida ; 
the three genera Mergcopotamus, Hyopotamus and Anthracotherium are aberrant forms, 
connecting the Suine to the Anoplotherida and the Buminantia, 

A curious mistake has been made regarding this genus by M.M. Pictet and de Blain- 
ville in the Traits de Palteontologie (vol. I, p. 322) of the former writer : a lower jaw de- 
scribed by Falconer (Journal Asiatic Society, Bengal, vol. YII, p. 1038), under the name of 
Hippopotamus dissimilis is placed under the genus Hippopotamus, with the remark — *' Je 
pense que cette esp^ est la mdme que celle qui est figur^e dans le Fauna Antigua SivaUnsis, 
sous le nom de Tetraprotodon Paleeindicus." ! In reality, the jaw should have been placed 
under the genus Merycopotamus, which is also described in the same work (p. 342) ; before 
the latter genus was determined. Falconer had referred all the bones belonging to it to Hip* 
popotamus disbimilis. M. de Blainville has made a similar error to that of M. Pictet. 
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Addenda and Cokkigbnda to Pafeb on Tebtiaey Mammalia (ante page 86) 
hff It. Lydekkrr, B.A., Geological Survey of India. 

Hydaspidothebium meoacephalum, uov. geD. nobis. — The cranium from the Siwaliks 
referred to in the lai>t number oH the Records under the name of Bramathetnumf has now 
beeu cleaned iVom matrix, and turns otlt to belong to a new gen lis of Sitjatherida, for which 
I propose the name Jij/dugpidotheriumy from the classical name of the river Jhelum, near 
which it was found. The distinctive characters of the craniuln are the possession of one 
common horn-base on the vertex, and the absence of anterior horns ; the profile is coneavei 
the orbit depressed, and separated by a long interval from the horn-core ; the teeth resemble 
those of JBramatherium, A figure and full description will subsequently appear. 

The genus Ursitaxvs (Hodgson's synonym for Mellivora) should be removed from the 
lists of extinct genera, p. 95, and added to the lists of genera common to the Indian Tertia- 
ries, and to the living faunae of India and Africa. The genus Sanitherium — H.von Meyer— 
(Sua jmsUlus, Falc.) should be added under Aitiodactyla to the lists from which Ursitaxus 
is removed. 



Occubeencb of pLfislosAUBUs IN India, bt/ R. LtdeKkeb^ B.A., Geological Survey of 

India, 

The discovery of the remains of this genus in the Oolite of Kachh is the first instance 
recorded of its occunence in India. The specimen on which this deteimination is founded 
is a portion of the distal extremity of a mandible; it was discovered by Mr. Wynne at Bur- 
rooria in Kachh, in the Umia (Tithonian and Portlandian) beds; it comprises the whole of 
the symphysis and ^mall portions of the rnmi of the mandible; on the right side it contains 
the alveoli of five teeth, and on the left side of four. The alveoli are completely surrounded 
b}' bone ; the distal extremity of the symphysis is rounded, its upper surface flat, and pierced 
by neural foramina, interiorU* to the teeth ; there is an ovate prominence on the upper sur- 
face at the junction of the rami, the inferior surface is rounded and convex, the sj-mphysis 
being rather longer here than on the upper surface. The dimensions of this specimen are as 
follows : — 



Length of aymphysis on upper surface 
Ditto diUo lower surface 

"Width of jaW at union of rami ... 
Width of jaw at second alveoli ... 
Thickness of jaw at union of rami 



In. 
... 2r9i 
... 8-65 
... 8-50 
... 8-61 
... I'ftS 



The specimen agrees almost exactly in form and si/e with the lower jaw of Plesiosaurus 
dolichodeirus of the English Lias; but it Would not be prudent to affirm its identity till 
fui-ther specimens are discovered. The range of the genus in England is from the lower 
Lias to the lower Cretaceous, so that no inferences can be drawn fromthis specimen as to the 
bomotazis of the beds from wliich it is deiived. 
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NOTBS OH THE GeOLOOY OF THE PiB PaNJAL AND NEIOHBOUBIKO DiSTBICTS, 

BY R. Lydeekbb, B.A., Geological Survey of India. 

The present paper is in continuation of Mr. Medlicott's paper on the Geoloj^y of the 
Jamu District {supra, p. 49) ; it treats of the inner band of the Sirmur group • and the 
rocks lying between them and the valley of Kashmir. The country lying in this area embraces 
part of the lower hills formed of the lower tertiary rocks, and the higher mountains com- 
posed of older rocks which divide Kashmir from the outer hills. Mr. Drew (Jamoo and 
Kashmir Territories, chaps, i and vi) has divided the mountain systems of the district into 
the regions of the " outer hills"; and of the " middle mountains ;*' divisions coinciding very 
frequently with the geological bouudaries. 

Notices of the geology of parts of this district have already appeared in various publioa- 
tions, the chief of which are — 

Wjnne, Becords, Goologrical Survey of lodiiL—Vol. VII, p. 64. 

Verchere, J. A. 8. B. Vols. XXXV— VL 

Godwin-Aosten. 0. J. O. 8. L., Vol. XXII, p. 29, and VoL XX, p. 383. 

The physical features of that part of the district which is external to the division 
between the Sirmtlr and older rocks are very similar to those which occur in Mr. Medlicott's 
country. Along the whole of the above boundary the general dip of the Sirm6r rocks is 
north-east or towards the older rocks — a feature prevalent for hundreds of miles along the 
Sub-Himalayas ; and, except where anticlinals occur, the outer bands of the same rocks have 
also generally the same dip. The outcrops are usually abrupt and steep, presenting a very 
characteristic banded appearance : owing to the frequency of the north-east dip, the northern 
sides of the hills are usually those the most covered with vegetation. 

In looking over the country from one of the higher inner passes, such as the Battan 
Pfr or the Haji Fir, the inliers of the " Great Limestone" of Mr. Medlicott are seen stand- 
ing up as bold rugged cliffs, towering high above the rocks of the tertiary series, and easily 
distinguished from them by their " rocky" appearance. 

It is, I think, a character very prevalent among the red rocks, that the higher ridges 
have generally a comparatively flat dip, while the rivers have excavated their valleys along 
lines where the dip approaches the vertical. 

Along the inmost boundary of the Sirmur group there is a sadden break between these 
rocks and the inner metamorphic series ; the general dip of the former towards the latter 
group seems to show that this junction as it now exists is faulted. I have never seen any 
instance where I could distinctly assert that the red rocks had been deposited unconformably 
against the base of a cliff of metamorphics ; and although I have not found any traces of 
the former overlying the latter beyond the fault, I cannot help thinking that such an exten- 
sion must originally have been the case to a certain extent, and that the present relationship 
of the two has been brought about by subsequent up-or-down-thrusts. 

« 

In the extreme west of my district the red rocks are bounded by the confused limestones 
and shales of the nummulitic and oolitic series ; owing to the heat of the season, I was not 
able to proceed up the Kishengunga valley to see the relations of these nummnlitic lime- 



* I use the term " Sirm(ir" m conreniftut and unambignoas for the whole lower portion of the tertiaiy aeriei^ 
although it has not been freologically defined in the region ander notice, as it la to east of the Bavi. The tern 
" Marf" (Mnrree) haa been more especially applied to the Bupra-nommnlitic lone, the equivalent in the weat of the 
DnsBhai, or perhaps the Dagfih«i And portions of the fw^t. This sone, with the npperpart of the Sabathli gnnipb 
may also be aometimes iudictttvd geueraUy as " the red rocka." 
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stones to the metamorphic series ; but I presume there must be continuation of the miun 
fault between the two groups. 

In certain places the lowest exposed beds of the metamorphic series consist of dark-blue 
limestone passing up into or alternating with shales ; in other places the limestone series is 
not exposed ; in the former case there is a great physical break in the country at the Sirraur 
metamorphic junction, formed doubtless by the unequal disintegration of the limestone, and 
red clay and sandstone series ; in the latter case the junction between the two formations 
does not form any marked feature in the country, the rapidity of weathering of the two kinds 
of rocks being approximately equal. 

I do not think that there is any need of adding to the descriptions of the red-rocks 
given by Mr. Medlicott in his paper above quoted, their composition being exactly similar 
in my district. 

In the lower part of the 3f ari district (Shaddita) the purple sandstones and red clays of 
the Sirmdr group rest suddenly upon the nummulitic limestone, without the intervention of 
the red and green splintery chiys of the upper Subathu zone which occur to the eastward ; it 
appears, therefore, that the bottom beds of the red series are unrepresented here : at Marf 
itself the splintexy coloured clays are present, and the junction between the limestones and 
red series is traasitional as in the original Subathu sections; but the great thickness of dark 
purple slatey shales which occur on the Pine River in the Jamu district (see Medlicott) do 
not seem to be fully represented here. 

The whole of the nummulitic rocks forming parts of the high ranges to the west of 
Pindl and Mari appear to me from the general similarity of their mineral characters to 
belong to the Subathd series ; and I do not see, in the absence of characteristic groups of 
fossils, any strong reason for separating these bods, under the name of Hill-Nummulitic 
Limestone, from the nummulitic limestones of the typical Subathu zone. It is true, however, 
that the upper limestone bands in the Mari district are frequently of a lighter colour than 
the lower, but, on the other hand, the shales in both the upper and lower beds are exactly 
similar in character to those of the typical Subathd zone of Mr. Medlicott: theiwhole of the 
nummulitic series in this district is undoubtedly of a much greater thickness than in Jamd ; 
approaching thereby to the nummulitic series of Sindh (Blanford, Bee. Geol. Surv., Ind., 
supra, p. 8), and perhaps indicating a formation deposited in a deeper sea than that of 
Jamd. The exact or even approximate thickness of the uummulitics in this district, however, 
is very difficult to determine, since they are so mixed up with the very similar limestones 
and shales of the oolitic and underlying rocks, that it is almost impossible to divide 
the two. 

In the nummulitics of this district there occur certain bands of thick-bedded dark lime- 
stone abounding in nummulitics which do not occur iu the Jamd district ; it is, I think, 
a by no means improbable suggestion that part of the purple clay series of the Jamd district 
(nummuliferous on the Pine River), and which I have said does not seem to be represented 
here, may really belong to the same horizon as part of the limestone and shale series in this 
district ; the series in the Jamd district having been deposited in a more shallow sea than 
the present beds. 

Mr. Wynne (aup, eit.) has described a number of purple sandstones and red clays inter- 
calated between the upper and lower limestone series in the Mari district ; these beds, or the 
greater part of them, are so exactly simiUr in mineralogical character to the overlying MarC 
beds, that I cannot but think their occurrence in their present position is due to faulting, 
though the relations of the different bands are difficult to determine, owing to crashing and 
talus deposits. 
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The ooiirse of the Jhelum between its bends at Mozaffarabad and ITil runs either on or 
near to the line of a broken anticlinal : the beds on the north bank are of a darker colour^ 
and more slaty structure with less sandstone, than those on the south bank, which are like 
the upper Mari beds; the beds on the north bank approach in character closely to those of 
the Pine River in Jamu. The Jhelum anticlinal continues its course near the boundary of 
the red rocks down to Punch, where it becomes lost amoug the complicated disturbances and 
foldings which have there taken place. 

From ITri to a lictle below Punch it will be observed on the map that the strike of all 
the rocks becomes nearly due north and south, returning to its normal line at Bajaorf. The 
limestone hills to the east of the Haji-Pir are remarkable for their peculiarly even summits. 
A strong band of buff nummulitic limestone with black shale bands, capped by purple and 
green splintery shales, runs to the south from the Higf-Pir, dying out to the north-west of 
Punch. 

A well-marked anticlinal flexure runs through the purple rocks from Bajaorf to the 
north-west. 

A north and south section along the course of the Aus River from Sar to Amas cuts 
through the whole of the red series from the metamorphic junction to the Great Limestone 
at Riassi : the beds throughout this section have the prevailing north-east dip, and appear 
to be arranged in a series of step-faults ; a fault seems to me to occur at the base of each 
main ridge, the lower beds always consisting of dark purple slatey shales with few sandstones, 
while the upper beds are composed of the brighter red clays and purple sandstones of the 
Mar( series. I have never seen in any of these sections the coarse (Siwalik?) conglomerate 
capping the red series as described by Mr. Medlicott above Chineni. 

Another large outcrop of the " Great Limestone" has been mapped by me along the 
north bank of the Ghln&b, occurring as usual on a broken anticlinal line. At Shartalla this 
limestone is nearly vertical with a north-east underlie ; it is succeeded suddenly by the red 
clays and purplish sandstones of the upper Marf series, with nearly the same dip and strike 
and apparently conformably ; to the west of the village of Shartalla, however, the red beds 
of the spur on which the village stands are seen striking against the broken edges of a high 
cliff of the limestone, showing the existence of fault with a probably very great downthrow. 
No traces of the nummulitic series which occur in such force resting upon the Great Lime- 
stone at Amas are seen at Shartalla. 

Here I would say a few words as to the probable age of the Great Limestone, upon 
which, I think, the present inlier throws a little light. This limestone as it occurs at 
Riassi has been well described by Mr. Medlicott (««/>. cit) ; I may add that when seen from 
a short distance its general appearance is very massive, and exhibits but slight signs of 
distinct stratification in its lower beds, although Mr. Medlicott tells me the higher beds are 
more distinctly stratified. 

The base of the limestone outcrop on the north of the Chfn&b has precisely the same 
appearance as the Riassi limestone; but on passing north and coming to the topmost beds of 
the series at Shartalla, we find a great change in the character of the rock : instead of conti- 
nuing with the same unstratified massive appearance, it becomes thin-bedded, less cherty 
in structure, and more blue in colour, with a very characteristic banded or ribboned look. 
These uppermost beds are exactly similar in character to the carboniferous limestone of 
Temag in the Kashmfr valley, described by Major Godwin-Austen {sup. eit,) ; and I think 
the two are very probably of the same age. The only fossil I found in the Shartalla lime- 
stone was a portion of a Fenestelhi, weathered out on the surface of a cliff, but which I was 
unable to detach ^ many portions of the Kashmir carboniferous are similarly unfossiliferons. 
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I will now proceed to describe the main features of the metamorphic rocks along the 
boundary of the Sirmdr git>ap, taking sections across the strike at a few isolated points. 
Considerable difficulty must occur in dealing with these rocks, as they have hitherto proved 
unfossiliferouB both to Major Godwin-Austen's and to my own search ; I, moreover, have not 
qeen any good instances of the super-position of newer rocks upon them from which an idea 
of their age could be gathered. 

My first section is taken along the gorge of the Jhelum between the villages of Ifri and 
B&ramiil4. The Sirmdr rocks at Urf have a high dip towards the metamorphics ; the meta- 
moiphics also continue with the same dip within the fault. 

Leaving the red rocks of the Sirmdr zone, the first beds we meet with consist of alter, 
nations of schists and limestones ; the former are either red or green in colour and are 
frequently magncsian, and soapy to the touch ; occasionally some of the green shale bands 
contain lenticular nodulars of chert ; the limestone (some 150 feet in thickness) which at 
first alternates with, and then succeeds to, these shales, is dark bine in oolonr, soft and some- 
what earthy, and never crystalline; it becomes gradually fissile, and seems eventually to pass 
up into the overlying slates, but the section is not very dear at this point. Afler very careful 
search, I could find no trace of any fossils in this limestone. Mr. Wynne, however, tells me 
that on the opposite (right) bank of the river he obtained a few very minute spiral Gastero- 
pods. In mineral structure this limestone is totaUy unlike either the Nummulitic or the 
Great Limestone. 

Both the limestone and its accompanying shales are but very slightly metamorphosed, 
while they are succeeded by highly metamorphic slates and quartziten, passing in 6ome places 
into gneiss. It appears to me hardly likely that these underlying slightly-altered beds can 
really be older than the metamorphics ; if this supposition be true, the outer series of the 
metamorphics must be inverted, which inversion, as I shall show below, must extend along 
the whole of the Pir Panjal and adjoining range. Mr. Wynne says that the Uri limestone 
and shale series is very like in mineralogical character to the Triassic beds of Changla-galli 
and other places in the Hazara district, and is inclined to correlate the two. Dr. Stoliczka 
also conjectured that these beds were of Tiiassic age ; on these grounds, these and similarly 
placed beds to the east have been conjecturally classed as Triassic in the map, though a 
strong objection to this view is noticed further on. 

On leaving the limestone north of ITrf the flaggy slates continue with slight alterations 
in mineralogical character along the Jhelum valley into Kashmir ; they are very thick and 
gritty at Urimybo, where they foiin almost inaccessible perpendicular cliffy along the left 
bank of the river. They become somewhat crystalline and homblendic at Naoshera. There 
are several folds or faults in the se'jtion, but the dip is frequently concealed by metamorphic 
action* None of the so called amygdaloids occur in this section. 

Along the river-bed there occur a great quantity of gneiss boulders, forming ten'aces 
above the present river level. Major Godwin^Austen supposes these to have been brought 
down to the present position by glacier action. The gneiss is not seen in situ anywhere 
along the road section, but occurs in the mountains on both sides. The gneiss is light grey 
in colour with large poi-phvritic crystals of white orthoclase.* The gneiss alternates with, and 
forms an integral part of, the metamorphic slate series, as will be more fully noticed in the 
Banihal section. Pebbles of the same gneiss are also found in the streams flowing from the 
I^ilkanta Pass, showing that it extends as far west as that point. 



* The Buddhist temple near Naoshera is baiU of tbia stooe, aii4 not of amygdaloidal trap, as Btate4 by Pr, JM* 
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Mr. Mftllet has kindly examined a specimen of this gneiss for me, and says that it is 
composed of the four following minerals, dz,, orthoclase forming the large crystals, frequently 
twins, of a dead white colour ; milk-white quartz ; and two species of mica, probably biotite 
and moscovite. This appears to be the same gneiss as that described by Dr. Stoliczka as con- 
taining albite veins. 

The limestone band continues to underlie the metamorphic series from T^ri to the Suran 
Biver, where I have taken another cross section ; on the Bitarh River, between these two 
points, the green amygdaloidal rocks are intercalated with the slate series, a short distance 
from the limestone. 

The section up the course of the Suran River towards the Pir Panjal Pass gives the fol- 
lowing series of rocks. Leaving the red rocks of the Sirmur group at the village of Draba, 
we come upon a thick band of dark-blue limestone (without polychroic shales) similar to 
that of TM ; the limestone is rather more altered and slaty than to the west, and is soon 
succeeded by thick-bedded flaggy shales, and then again by a variety of the peculiar amygda- 
loidal rocks noticed by Mr. Medlicott (sup, cit., p. 52). 

Before noticing these latter rocks, I must refer to a statement of Major Godwin- A uRten, 
asserting the existence of nummulitic limestone on the southern face of the Pir Panjal 
(G. I., G. S. L., vol. XX, p. 385). The outcrop of limestone noticed above must, I presume, 
be the limestone referred to, as no other exists on the Pir Panjal. When Major Godwin-Austen 
speaks of the sandstone as overlying the limestone, he must imply a normal overlie with 
inversion, for the apparent relations from dip would place the sandstones of the Sirmtir 
group below the limestones ; in reality the two are separated by a fault. 

The passage of the limestone into the overlying slates, however, is so clear, that there 
can be no doubt but that tb6y belong to this series. The only remaining question is — does 
the limestone contain nummulites ? In answer to this, I can only say that after a very 
careful search I never met with any ; and, moreover, Major Godwin-Austen himself makes no 
mention of having found nummulites in these beds; apparently, he only placed this lime- 
stone in the nummulitic group from its apparent association with the red rocks in the 
same manner as he at first supposed the limestone of the Dal Lake in Kashmir to be num- 
mulitic, which afterwards turned out to be carboniferous. This limestone is serially continu- 
ous with that of ITrf, in which both Mr. Wynne and myself have carefully hunted for 
nummulites without success. 

Returning now to the so-called " amygdaloidal traps," we find these rocks of very 
common occurrence all alon^ the Pir Panjal range. They were considered by Dr. Verchere to 
be of volcanic origin — a supposition which does not appear to me to be borne out by their 
mode of occurrence ; unfortunately, I have mislaid the specimens which I had intended to 
bring down for examination. 

These amygdaloids always occur interstratified with the slates of the metamorphic series, 
the passage between the one and the other being gradual. They generally also seem to be 
locally continuous in extent with the slate series,— not thinning out, as should be the case if 
they were contemporaneous traps ; neither are there any beds of trap-ash in the series. There 
is no sign of any greater alteration in the slate beds which lie below them than in those above 
them, and the amygdaloids themselves are very distinctly stratified. The base of the rock 
is either green or purple in colour, and the amygdala either green or white, varying in size 
from that of a pea to that of a small walnut ; they are frequently irregular in shape ; the 
base is very hard and fine grained, and appears to be partly silicious. 

In places, as on the Banihal Pass, these rooks pass imperceptibly up or down into almost 
BiuJtered earthy sandstones and grits, without amygdala ; of these sandstones there can be 
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no doubt as to their aqueoui origin ; in other places the am3'gda1oid8 pass up into slates. How 
fnr the former presence of cavities (now filled by amygdala) in these rocks militates against 
their nietamorphic origin, as indicating the absence of excessive pressure, I leave to more 
experienced physicists than myself to judge ; I have never seen these amygdaloidal rocks ia 
contact with strata of the Sirmtir group, as noticed by Mr. Medlicott on the RavC {tup. ciL, 
p. 52). Whatever view may be held as to their origin, there can be no doubt but that they 
, are contemporaneous with the great mass of rocks of the Pir Panjal. Dr. Stoliczka in his 
Yarkand Journal (p. 4) considers the similar amygdaloidal rocks of Kashmir as metamorphic. 

Continuing our section up the Suran River, we come upon another band of blue earthy 
limestone at the village of Bifliage, followed by the same series of amygdaloids and slates. 
This second band of limestone appears to be faulted against the amygdaloids of the outer 
group, and is probably only a repetition of the same series. The whole of the rocks noticed 
above have a steady north-easterly dip. The green and purple amygdaloidal series come to an 
end about a mile below Baramgalla ; they are succeeded by silky magnesian shales. Thick 
bands of white quartzite are here and there interstratified with the shales. 

Owing to the great quantity of snow on the pass, I only went along the road as far as 
the halting place of Poshiana ; shales and amygdaloids continue thus far with the same dip ; 
pebbles of the same rocks form the only debris brought down by the streams, so these pro- 
bably continue all the way up to the pass. The only other rock I noticed in the streams was 
a very hard silicious conglomerate, containing pebbles of quartzite and slate. I did not see 
this rock in situ ; it probably indicates a break somewhere in the slate series. Gneiss does 
not occur anywhere on the south side of the pass. Between Baramgalla and Bajaori the 
same slate and amygdaloid series continues, but the UH limestone is not exposed at the base. 

To the eastward of the Pir Panjal Pass, along the valley of the Aus River, I have not 
been able to take any section across the strike- of the strata for a considerable distance, 
having merely followed the boundary of the metamorphic rocks. The series of rocks in this 
region exposed at the base of the slate series differ considerably in character from those to 
the westward. At the viUage of Kiol the following series is well exposed along the bank 
of a tributary stream ; the section is from below upwards : — 

a. — Purple or white, fine grained, glistening quartzites ; base not exposed, and top only 
seen at intervals. 

5. — Black shales (60 to 200 feet thick), containing thin bright bends of brittle coal, 
and nodules of iron-ore ; in many places the shales are altered into hard black 
slates. 

c. — Dark blue earthy limestone, frequently bituminiferous ; sometimes massive but more 
usually nodular, passing gradually up into the next zone. 

(£. — Amygdaloidal and black slate series. , 

These I shall subsequently designate as the Kiol group. 

The limestones appear to be very similar in mineralogical character to those of ITrf, 
occupying the same relative position under the metamorphic series. The coal shales are not 
found at Uri, but occupy the position of the green and purple shales of that place. The coal 
never occurs in layers of more than an inch in thickness, and these do not extend continu- 
ously for more than short distances. The occurrence of these slightly altered limestones and 
coal shales at the base of the metamorphic series, seems to point to the same conclusion as 
at XJtif viz,, inversion, these strata being the newer of the two. 

At the village of Sang on the Aus River, the white quartzites of the Kiol series are 
seen abutting by a faulted junction against the red sandstones and clays of the Sirm6r 
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group, the contrast of the two colours formine a very strikiog feature, seen for many miles 
down the valley. The coal -bearing shales of the Kiol f<roup become more altered towards the 
east; up the valley of the Golabgarh stream porphyritic gneiss similar to that of Urf occurs; 
the gneiss alternates with the slate series. 

The Kiol series corresponds somewhat in mineralogical characters to the Math and 
Kuling series of Dr. Stolicska (Notes on North-Western Himalayay Mem. Geol. Surv. Ind., 
vol. y, p. 135), both alike containing white quartzites, shales, limestones, (altered) sandstones ; 
the Kuling series is, however, of Triassic age, and from their position and from the 
absence of carboniferous limestone beneath them, 1 doubt whether the Kiol series could 
belong to the former period ; they seem rather to correspond with the lower beds of Maj()r 
God win- Austen's sections to the north of Pir Panjal, which Dr. Stoliczka conjectured might 
be of Silurian age. The great mass of metamorphic rocks on the north side of tha Pir Panjal 
may still be considered as of Cambrian age, the Kiol series as probably Silurian, and perhaps 
partly oarboniferous, while the Great Limestone of Mr. Medlioott should be entirely carboni- 
ferous. The limestones and shales of Uri correspond in relative position with those of the 
Kiol series, and may very probably be placed on the same horizon. Mr. Wynne thought the 
I^ri rocks were of Triassic age ; but then, as in the case of the Kiol series, there would be no 
representative of the great carboniferous limestone between the IM limestones and the 
metamorphics. 

The accompanying diagrammatic section taken from the vilkge of Turn on the east 
bank of the Aus River into Kashmir, explains my idea of the sequence of the strata. The 
ridge of central gneiss forms an unsymmetrical anticlinal axis, covered by inverted Cambrian 
stratii on the south, and followed by Cambrian and Silurian strata, much contorted and 
folded, on the north ; beyond the Silurians there is a fault separating them from the carboni- 
ferous limestones of Kashmir. 

The last section which I have taken extends from the Ch(n4b Eiver, across the Banihal 
Pass into Kashmir, and is partly represented in the foregoing diagram. The bright red clays 
of the Sirmur series are nearly vertical where they lie against the metamorphics on the Chauz 
Kiver. Along the north bank of this river the limestones and shales of the Kiol series are 
not exposed. The rocks seen consist of black and rusty brown slates, generally splitting into 
irregular flaggy masses, intercalated with frequent beds of qnartzite. At the distance of 
about a mile and a half up the Bichlari stream, we come upon a fine-grained gneiss, some- 
times hombleudic and sometimes porphyritic like that of ITrf ; this gneiss has at first 
a north-easterly dip of about 60** (inverted), becomes quite vertical'at Pantol, and beyond this 
again requires a north-easterly underlie. The vertical rocks of Pantol form lofty cliffs between 
which the river flows in a narrow gorge. At both its boundaries the gneiss intercalates 
with semi-ciystalline rocks, and these again with the slate series. «o that it becomes almost 
impossible to define on the map the exact boundaries of the different rocks. 

The gneiss does not extend to the northward beyond the Tillage of Gangna, at which 
place it is succeeded by the overlying series of black and green splinting schists. In places 
there are a few bends of the green amygdaloids ; and a few veins of carbonaceous shale 
occur in the shaly grits which occur about three miles north of Gangna. A little above Groond 
there are a few bands of blue earthy* limestone, alternating with coarse greyish sandstones 
and grits, showing but very slight signs of metamorphism. Along the Banihal stream a 
synclinal and an anticlinal fold run through the giit strata. 

On the; Banihal Pass these strata contain bands of white and pinkish cherty grits, 
black flaggy shales, and a few green amygdaloids, all with a steady north-easterly dip ; there 
are also a few bands of a fine-grained grit conglomerate and strings of white quarczite. These 
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rock«, as being: the uppermost of the metamorphic series, correspond well in position and 
character with the Bhebeh or Lower Silurian series of Dr. Stoliczka, who suggested i Notes 
on Western Himalaya, p. 350) that part of the metamorphic rocks on this line belonged to 
the Silurian series. 

On the north side of the Banihal Pass there appears (as shown in the section) to be a 
faulted junction between the metamorphic and the carboniferous limestones of Kashmir 
(Godwin-Austen, sup. cit.) ; the limestone at the junction dips towards the pass at a high angle 
in the opposite direction to the dip of the metamorphics. 

The gneiss ridge has nearly the same strike as the gneiss of the Dhaoladar range, and 
the Kiol limestone has the same relative position in regard to the Banihal gniess as the Kroi 
limestone of Mr. Medlicott has to the Dhaoladar gneiss (Medlicott, Mem.) Geol. Surv. Ind., 
vol. Ill, map and sect., p. 63); and it is quite possible that the two series are contem- 
poraneous. Dr. Stoliczka has, however, attempted to correlate the Erol limestone with his 
Kuling (Triassic) series ; according to my view, however, the IJri Kiol and Krol limestones 
are more likely to belong to the Bhabeh or Silurian series, forming an interrupted zone along 
the base of the Dhaoladar and Fir Panjal ranges for a long distance. 

On the low pass at Baramula, there occur large masses of modem strata of sand, clay, 
and very coarse gravel. These beds rise to a height of at least 600 feet above the present 
level of the river, and are tilted at an angle of about 9^ to the eastward ; many of the 
pebbles are crushed in situ. These beds are quite different in structure from the Kareewahs 
of the Kashmir valley, and differ also from the latter in being tilted. As none of the superfi- 
cial alluvium in the outer hills have been disturbed from their original horizontal position, it 
is, I think, probable that these Baramdla beds are older, possibly Siwalik. 
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Cloizeaux, a. DS8.— Manuel de Min^ralogie, Vol. I (1862), II, pt. I (1874), with AUas, 

8vo., Paris. 
DoBLTSB, Db. C— Die Bestimmung der petrographiBch wichtigeren Mineralien darch das 

Mikroekop (1876), 8vo., Wien. 
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(1868), 8vo., London. 
Hblmbbsbv, Q. y. — ^Die Telezkische See and die Telenten in OsUichen Altai (1838), 8vo., 

St. Petersburg. 
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Laetrt, L. — Essai sur la G^logie de la Palestine (1869), 8vo., Paris. 
Leykbbie, a.— M^moire sur le Terrain k Nunuuulites des Corbi^res et de la Montague Noire, 

4to., Paris. 
MiCHBLOTn, G. — J^tudes sur le Miocene Inf^rieur de Tltalie Septentrionale (1861), 4to., 

Haarlem. 
MoJSisoYics, Ed. ton. — Ueber die Ausdehnung und Structur der SUd-Osttirolischen Dolo- 

mitstbcke (1876), 8vo., Wien. 
Oppel, Db. a. — Ueber Ostindische Fossilreste (1863), 8v'o. 
Percy, John. — Metallurgy, revised edition (1875), 8vo., London. 
RivoT, L. E. — Docimasie Traite d' Analyse des Substances Mindrales, Vol. I (1861), — IV, 

(1866), 8vo., Paris. 
Sauyeub, Db.— -V^gdtauz Fossiles des Terrains Houillers de la Belgique (1848), 4to., 

Bruxelles. 

Seeland, F. — Der Hiittenberger Erzberg und Seine nachste umgehung (1876), 8vo., Wien. 
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(1864), 8vo., Cambridge. 
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Geological Magazine, New eeries, Decade II, Yol. Ill, Nob. 6^8 (1876), 8to., London. 

Journal de Conchyliologie, 3rd Series, Vol. XVI, No. 2 (1876), 8vo., Faris. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 6th series. 

Vol. I, Nos. 6—7, and Vol. II, Nob. 8—9 (1876), 870., London. 
Mabtini vvj> Chemnitz. — Conchjlien Cabinet, Lief. 247—248 (1876), 4to., NUrenberg. 
Nature, Vol. XIV, Nos. 345—366 (1876), 4to., London. 
Neues Jahrbuch fur Mineralogie, Geologie, und Pakeontologie, Jahrg. 1876, hefl. 4—5 

(1876), 8vo., Stuttgart. 
Novitates Concholo^ics, Lief. 48—49 (1876), 4to., Cassel. 
Falseontographica, Band XXII, lief. 7, XXIII, lief. 9, and XXIV, lief. 1 and 2, (1876), Mo., 

Cassel. 
P£TESiCAirv, Db. a. — Geographische Mittheilungen, Band XXII, heft. 6 — 6 (1876), 4to., 

Gotha. 
„ „ Geographische Mittheilungen: Supplement, Band XL VI — XL VII 

(1876), 4to., Gotha. 

PoooBVDOBFF, J. C. — ^Annalen der Physik und Chen^ie, Band 168, Nos. 6 and 6, (1876), Stc^ 

Leipzig. 
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Quarterly Journal of Microscopical Science, New series. No. LXIII (1876), 8yo., London. 
Quarterly Journal of Science, No. LI (1876), 8yo., London. 
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8vo., London. Ikdia Office. 

The AthencBum, Nos. 2637—2548, (1876), 4to., London. 

The Colliery Guardian, Vol. XXXI, Nos. 806—816 (1876), fol., London. 

The Mining Journal, with Supplement, Vol. XLVI, Nos. 2128—2139 (1876), fol., London. 
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CsKTBAL Pbotincbs. — Minute by the Chief Commissioner, Central Provinces, on the Warora 

Colliery Works and the Chanda Coal and Iron Mines, together 
wiih report on experiments tried in England on the manufacture 
of iron from Indian Ores (1876), flsc, Calcutta. 

GOYEBNMENT OF InDIA, P. W. DeFABTMBNT. 

f, Beport on the Administration of the Central Provinces for 1874-75 

(1876), 8vo., Nagpur. 

Chibf Comkissioker, Cbhtbal Pbotincbs. 

Ihpu.— List of Civil Officers holding gazetted appointments under the Government of India 

- in the Home, Legislative, and Foreign Departments (1876), 

8vo., Calcutta. 

HoMB Dbpabtmbbt. 

n Beport on the Administration of the Imperial Customs Department for 1867 to 

1876| with appendices (1867—76), flsc, Calcutta and Allahabad. 
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IiTDiA.—SeleoiioDS from the Records of the Government of India, No. 125. lieport on the 

Administration of the Ajmere and MhairwaiTa Districts for 
1874-75, by L. S. Saunders (1876), Svo., Calcutta. 

FoEEION DbPASTVENT. 

„ Selections from the Records of the Oovernment of India, No. 126. Annual Adminis- 
tration Jieport of the Munnipoor Agency for the year ending 

30th June 1874-76 (1876), 8vo., Calcutta, 

Ditto. 

Madbas. — Report on the Administration of the Madras Presidency for 1874-75, (1876), 8ro., 

Madras. 

Madbas Govbbnment. 

Nobth-Westbbk PBOViifCES. — Atkinson, E. T. — Statistical, descriptive, and historical 

account of the North- Western Provinces of India, Vol. IV, 
Agia Division, Part I (1876), 8vo., Allahabad. 

GOVEBNIIENT, N. W. PbOVINCKS. 



TRANSACTIONS. PROCEEDINGS, &c., OF SOCIETIES. 

Basel. — ^Abhandlungen der Schweizerischen Palaontologischen Gesellschaft, Vol. II (1875), 

4to., Basel. 

Bbblin. — ^Monatsbericht der Konig. Preuss. Akad. der Wissenschaften zu Berlin, March to 

May (1876), 8vo., BerHn. 

Thb Acadbmt. 

M Zeitschrifb der Deutschen Geologischen Gesellschaft, Band XXVIII, heft. 1 (1876), 

8to., Berlin. 

The Society. 

Bbistol. — Proceedings of the Bristol Naturalists' Society, New Series, Vol. I, pt. S 

(1876), 8vo., London. 

The Society. 

Bbussbls. — ^Annuaire de TAcad^mie Roy ale de Belgique (1875-76), 12mo., Bruxelles. 

The Acadehy. 

n Bulletins de V Academic Royale de Belgique, 2Dd Series, Vol. XXXVII 

(1874),— XL (1875), 8vo., Bruxelles. 

Ditto. 

,, M^moires Couronn^s et aub'es M^ moires. Vols. XXIV — XXVI (1875), 8vo., 

Bruxelles. 

Ditto. 

n M^moires Couronnes et M^moires des Savants Strangers, Vol. XXXVIII 

(1874), and XXXIX (1876), 4to., Bruxelles. 

Ditto. 

,) M^moires de T Academic Boyale de Science, Vol. XLI, pts. 1 and 2 (1875-76), 

4to., Bruxelles. 

Ditto. 
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r Acad^mie Boyale de Belgique (1875), 12mo., Bruxelles. 

Ditto. 
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Calcutta. — Joarnal of the Ag^icaltural and Horticultural Society of India, New series^ 

Vol. V, pt. 2 (1876), 8vo., Calcutta, 

The Socistt. 

,, Journal of the Asiatic Society of Bengal, New Series, Vol. XLV, pt. 2, Nos. 1 and 2 

(1876), 870., CalcutU, 

The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. VI — VII (1876), 8vo., 

Calcutta. 

Ditto. 

CoPENHAOEN. — M^moires de I* Academie Royale de Copenhagen, 5th series. Vol. XI, No. 2, 

and XII, No. 2 (1875), 8vo., Copenhagen. 

The Academy. 

Fbankfost — Abhandlungen der Senckenhergischen Naturforschenden Gesellschafl, Band X, 

heft. 1 and 2 (1876), 4to., Frankfort 

Gla8*oow.— Proceedings of the Philosophical Society of Glasgow, Vol. X, pt. 1 (1876), 8vo., 

Glasgow. 

The Society. 

London. — Journal of the Anthropological Institute of Great Britain and Ireland, Vol. VI, 

No. 1 (1876). 8vo., London. 

The Institute. 

Journal of the Linn»an Society, Zoology, Vol. XII, Nos. 67 — 59, Botany, 

Vol. XIV, Nos. 73—80, with list of Fellows for 1874 (1873—1875), 
8vo., London. 

Journal of the Boyal Asiatic Society of Great Britain and IreUnd, New series, 

Vol. VIII, No. 2 (1876), 8vo., J/ondon. 

The Society. 

„ Journal of the Royal Geographical Society of London, Vol. XLV (1876), 8vo., 

London. 

The Society. 

Proceedings of the Royal Geographical Society of London, Vol. XX, No. 4 

(1876), 8vo., London. 

Ditto. 

Proceedings of the Royal Society of London, Vol. XXIV, Nos. 168 and 169 (1876), 

8vo., London. 

The Society. 

„ Quarterly Journal of the Geological Society of London, Vol. XXXII, pt. 2, 

No. 126 (1876), 8vo., London. 

The Society. 

Manchestbb.— Transactions of the Manchester Geological Society, Vol. XIV, pt. 3 (1876), 

8vo., Mauchebter. 

The Society. 
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Mblboubkb. — Geological Survey of Vicioria. Prodromns of the Pabsontology of Victoria, 

Decade III (1876), 8vo., Melbourne. 

Thb Subvet. 

„ Mineral StatiaticB of Victoria for 1875 (1876), flsc., Melboame. 

GOYBBKMBKT MiKING DbPABTMBNT, ViCTOBTA. 

„ Report of the Chief Inspector of Mines to the Honlsle the Minister of Mines, 

for 1875, (1876), fisc., Melbourne. 

Ditto. 

„ Beports of the Mining Surveyors and Registrars for quarters ending Slst 

December 1876 and Slst March 1876 (1875-76), flsc., Melbourne. 

Ditto. 

MoNTBBAL. — Geological Survey of Canada. Report of Progress for 1874-75 (1876), 8vo., 

Montreal. 

Thb Suevey^ 

Moscow. — Bulletin de la Sod^t^ Imp^riale des Natoralistes de Moscow, Nos. 3 and 4 (1875), 

8vo., Moscow. 

Thb Society. 

Nbuchatbl. — M^moires de la Soci6t^ des Sciences Naturelles de Neuchatel, Vol. IV, pts. 1 

and 2 (1859-1874), 4to., Neuchatpl. 

Pabis. — Bulletin de la Soci^t^ G^ologique de France, 3rd series, Vol. Ill, No. 9. and Vol. IV, 

No, 2 (1875-76), 8vo.. Paris. 

The Society. 

„ Bulletins de la Soci^t^ d' Anthropologie, 2nd series. Vol. XI, pt. 1, (1876), 8vo., 

Paris. 

The Society. 

Penzancb. — ^The 62nd Annual Report of the Royal Geological Society of Cornwall (1876), 

8vo., Penzance. 

The Society. 

,» Transactions of the Royal Geological Society of Cornwall, Vol. IX, pt. 1 

(1875), 8vo., Penzance. 

The Society. 

Philadelphia..— Journal of the Franklin Institute, 3rd Series, Voh LXXI, No. 6, and 

LXXII, No. 1 (1876), 8vo., PhUadelphia. 

The Institute. 

Rome. — Bolletino R. Comitato Geologico dltalia, Nos. 5 — 6 (1876), 8vo., Roma. 

The Geological Commission of Italy. 

6t. Petebsbubq — Tableau Qdn^ral M^thodique et Alphab^tique des Matieres continues 

dans les publications de rAcad^mie Imp^riale des Sciences de 
St. Petersburg depuis sa foundation, pt. 1 (1872), 8vo., St. 
Petersburg. 

The Academy* 
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ToBoiiTO. — Canadian Journal of Science, Literature and Histoiy, New series, Vol. XV, 

No8. 1 and 2, (1876), 8to., Toronto. 

The Cakadiait Institutb. 

Venice. — Memoire dell' I. R. Istitnto Veneto di Scienze Lettere ed Arti, Vols. VIII, pt 1, 

and XII, pt. 2, 1859 and 1865, 4to., Venezia. 

Wellinotok. — ^Transactions and Procecdinj^s of the New Zealand Institute, Vol. VIII 

(1875), 8vOm Wellington. 

The Instituts* 
Uh October 1876. 
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